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NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION 

PROCEEDINGS  OF  THE 

TENTH  ANNUAL  CONFERENCE 

Held  at  Syracuse  High  School,  Syracuse,  December  27-29,  1905 

OFFICERS  FOR  xgos 

A.  P.  Brigham,  President,  Colgate  University,  Hamilton 

G.  M.  Turner,  Vice  President,  Masten  Park  High  School,  Buffalo 

J.  E.  Stannard,  Secretary-Treasurer,  Owego  High  School 

OFFICERS  FOR  zgo6 

,^  J.  F-  WooDHULL,  President,  Teachers  College,  New  York  city 
"'  -  B.  D.  Roe,  Vice  President,  Syracuse  University 

J,  E.  Stannard,  Secretary-Treasurer,  Owego  High  School 

COUNCIL 

1909  A.  P.  Brigham,  Colgate  University,  Hamilton 

C.  E.  Harris,  East  High  School,  Rochester 

Howard  Lyon,  Oneonta  Normal  School 
X908  L.  V.  Case,  Washington  Irvung  High  School,  Tarrytown 

W.  T.  MoRREY,  Morris  High  School,  New  York  city 

J.  S.  Shearer,  Cornell  University,  Ithaca 
1907  A.  W.  Farnham,  Oswego  Normal  School 

O.  D.  Clark,  G.  W.  Curtis  High  School,  Staten  Island 

J,  E.  KiRKWOOD,  Syracuse  University 
1906  G.  M.  TiTRNER,  Masten  Park  High  School,  Buffalo 

E.  N.  Pattee,  Syracuse  University  t 

A.  G.  Clement,  Education  Department,  Albany 

SUMMARY  OF  SESSJpNS 

WEDNESDAY,  DECEMBER  a? 

2.30  p.  m.    Opening  session  at  the  high  school,  room  307 

Association  called  to  order  by  Pres.  Albert  Perry  Brigham, 
Colgate  University,  Hamilton  * 
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1  A  Proposed  Biological  Stirvey  of  New  York  State 

Charles  Wright  Dodge,  University  of  Rochester 
Discussion  opened  by 
John  M.  Clarke,  Director  of  Science  and  State  Museum,  Edu- 
cation Department,  Albany  ' 

2  Proposed  Federation  of  Educational  Organizations 

George  P.  Bristol,  Cornell  University 

4  p.  m.    Section  meetings  at  the  high  school 

Section  A — Physics  and  chemistry.    Room  307.     Howard  Lyon, 
Oneonta  Normal  School,  Chaimtan 

1  The  Correlation  of  Mathematics  and  Physics 

James  McMahon,  Cornell  University 

2  Demonstration  of  the  Properties  and  Uses  of  the  Alternating 

Current 
J.  F.  Woodhull,  Teachers  College,  Colxunbia  University 
Section    B — ^Biology.    Room    319.     Clarence    W.    Hahn,    High 

School  of  Commerce,  New  York  city,  Chaimtan 
I     Settled  and  Unsettled  Problems  in  High  School  Biology 

Wayland  M.  Chester,  Colgate  University,  Hamilton 
Section  C — Earth  science.     Room  310.     Frank  L.  Bryant,  Eras- 
mus Hall  High  School,  Brooklyn,  Chairman 

1  The  New  Regents  Syllabus  in  Physical  Geography 

Charles  N.  Cobb,  Education  Department,  Albany 

W.  W.  Clendenin,  Wadleigh  High  School,  New  York  city 

2  The  Nebular  and  Planetesimal  Hypotheses  to  Account  for  the 

Origin  of  the  Earth 
T.  C.  Hopkins,  Syracuse  University 
Section  D— Mathematics.     Room  307.     E.  D.  Roe   jr,   Syracuse 

University,  Chairman 
I     The  Correlation  of  Mathematics  and  Physics 
James  McMahon,  Cornell  University 
(Joint  session  with  Section  A) 

5.30  p.  m.    Meeting  of  the  cotmcil  at  headquarters 

8  p.  m.    Union  meeting  at  the  high  school 

Sup't  J.  M.  Thompson,  President  Academic  Principals  Associa- 
tion, presiding 
Address  of  welcome 

t^     Chanc.  James  R.  Day,  Syracuse  University 
Address  of  welcome 

Sup't  A.  B.  Blodgett,  Syracuse  Public  Schools 
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Address  of  welcome 

Sup't  J.  M.  Thompson,  President  Academic  Principals  Asso- 
ciation 
Response  and  annual  address:  Needed  Educational  Legislation 
Sup't  F.  D.  Boynton,  President  New  York  State   Teachers 
Association 
Address:  The   Relation  of  Our  Educational  System  to   Present 
Industrial  and  Commercial  Development 
Howard  J.  Rogers,  First  Assistant  Commissioner  of  Education 

THURSDAY,  DECEMBER  a8 

9  a.  m.    Section  meetinp  at  the  high  school 

Section  A — Physics  and  chemistry.    Room  307.    Howard  Lyon, 
Oneonta  Normal  School,  Chairman 

1  The  Teaching  of  Chemistry  in  High  Schools 

W.  C.  Geer,  Cornell  University 

2  Properties  of  Matter  at  Low  Temperatures 

(Demonstration  given  with  the  aid  of  liquid  air) 
J.  S.  Shearer,  Cornell  University 

3  Some  Chemical  Experiments  to  Illustrate  the  New  York  State 

Syllabus  for  1906 
J.  F.  WooDHULL,  Teachers  College,  Columbia  University 

4  Observations    and    Results.     Pedagogical    Phases    of    Science 

Teaching 
E.  R.  Whitney,  Principal  of  Binghamton  High  School 

5  An  Exhibition  of  Useful  Illustrative  Apparatus 

In  charge  of  George  M.  Turner,  Masten  Park  High  School, 
Buffalo 
Section    B — Biology.    Room    319.    Clarence    W.    Hahn,    High 
School  of  Commerce,  New  York  city,  Chairman 

1  The  Teaching  of  Birds  from  the  Economic  Standpoint 

J.  M.  Johnson,  Morris  High  School,  New  York  city 

2  Research  and  Graduate  Work  for  Teachers  of  Biology  in  High 

Schools 
Esther  F.  Byrnes,  Girls  High  School,  Brooklyn 

3  Demonstrations 

Section  C — Earth  science.    Room  310.     Frank  L.  Bryant,  Eras- 
mus Hall  High  School,  Brooklyn,  Chairman 

1  Earth  Science,  History  and  Culture 

Eunice  E.  Ferine,  State  Normal  College,  Albany 

2  The  Laboratory  Aspect  of  Physiography 

William  T.  Morrey,  Morris  High  School,  New  York  city 
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3     Report  of  Committee  on  Laboratory  Exercises  in  Geography 
Frank  L.  Bryant,  Erasmiis  Hall  High  School 
Clara  B.  Kirchwey,  Teachers  College,  Columbia  University 
Jennie  T.  Martin,  Buffalo  Central  High  School 

Section  D — ^Mathematics.    Room  320.     E.  D.  Roe  jr,  Syracuse 
University,  Chainnan 

1  The  Possibilities  for  More  Genuine  Applications  of  Elementary 

Algebra 
David  Eugene  Smith,  Columbia  University 

2  The  Purpose  and  Method  of  Algebraic  Study  in  our  Secondary 

Schools 
E.  P.  SissoN,  Colgate  Academy,  Hamilton 

3  Graphical  Methods  in  Elementary  Algebra 

William  Bktz,  East  High  School,  Rochester 

2  p.  m.    General  session.    Room  307 

1  Announcement  of  committees  by  the  president 

2  The  present  sessions  mark  the  completion  of  10  years  of  work 
by  this  association.  In  recognition  of  this  fact  it^presentatives  of 
the  several  sections  will  offer  some  review  of  progress  and  propose 
an  outlook  upon  the  needs  and  work  that  lie  before  us. 

Section  A.  William  Hallock,  Columbia  University 

Section  B.  A.  D.  Morrill,  Hamilton  College 

Section  C.  C.  T.  McFarlane,  Brockport  Normal  School 

Section  D.  E.  D.  Roe  jr.  Syracuse  University 

3.30  p.  m.    Meeting  of  the  cotmcil  at  the  high  school 

8  p.  m.    Union  meeting  at  the  high  school 

Sup't  F.  D.  Boynton,  President  of  the  State  Teachers  Associa- 
tion, presiding 
Address 

Pres.  Jacob  Gould  Schurman,  Cornell  University 

9.30  p.  m.     Fraternity  and  college  reunions 

FRIDAY.  DECEMBER  29 

9.30  a.  m.     Section  meetings 

The  sections  will  meet  for  the  election  of  section  oflScers  and  for 
miscellaneous  business. 

10  a.  m.    General  session 

1  Report  of  treasurer 

2  Report  of  auditing  committee 


SUMMARY  OF  ACTION  ^ 

3  Report  of  nominating  committee,- election  of  officers,  announce- 

ment of  place  of  next  meeting 

4  Necrology 

5  Reports  of  standing  committees  and  delegates 

6  Miscellaneous  business 

7  Adjournment 

SUMMARY  OF  ACTION 

Biological  Survey  of  New  York  State.  After  discussion  of  Profes- 
sor Dodge's  paper  on  the  proposed  biological  survey  of  New  York 
State  the  following  action  was  taken. 

Moved  as  the  sense  of  the  Science  Teachers  Association  that  the 
Board  of  Regents  be  memorialized  to  take  such  steps  as  may  be 
necessary  to  organize  to  make  effective  a  distinctively  biological 
survey  ci  the  State  of  New  York.     Carried 

The  following  members  were  appointed  on  a  committee  to  aid 
in  carrying  out  the  project  of  the  biological  survey. 

C.  W.  Dodge,  Chairman,  University  of  Rochester 

C.  W.  Hargitt,  Syracuse  University 

C.  W.  Hahn,  High  School  of  Commerce,  New  York  city 

Federation.    After  a  discussion  of  Professor  Bristol's  talk  on 
federation  it  was  resolved: 
1     That  the  State  Science  Teachers  Association  favors  a  federation 

of  the  different  teachers  organizations  of  the  State, 
a     That  the  executive  council  be  made  a  committee  with  power 

to  act  in  the  matter  of  federation. 

The  council  took  the  following  action. 

Moved,  That  the  retiring  president  of  the  association  select  from 
the  cotmcil  two  members  to  constitute  with  the  incoming  president 
a  committee  to  meet  with  representatives  of  the  other  societies 
and  confer  on  the  matter  of  affiliation  and  draw  up  a  tentative 
plan,  this  plan  to  be  reported  to  the  council  for  action  next  year. 
Carried 

The  committee  as  selected: 
John  F.  Woodhull,  Chairman,  Teachers  College,  Columbia  Uni- 
versity 
Gborge  M.  Turner,  Masten  Park  High  School,  Buffalo 
Howard  Lyon,  Oneonta  Nomial  School 

Metric  system.  Moved,  That  the  New  York  State  Science 
Teachers  Association  heartily  favors  the  passage  of  the  bill  pending 
before  Congress  favoring  the  adoption  of  the  metric  system.  Car- 
ried 
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Treasurer's  report 
Summary  as  per  books  and  vouchers  on  file  for  year  ending  Dec.  29, 1905 

Receipts 

Jan.   13,  1905  Check  from  P.  F.  Piper $38  03 

Dec.  29,  1905  Dues  to  date 165   . . 

Total $203  03 

Expenditures 

Dec,  29,  1905  Total  to  date $110  60 

Balance  on  hand 92  43 

$203  03 
Auditing  committee.     We,  the  undersigned,  regularly  appointed 
auditing  committee  of  the  New  York  State  Science  Teachers  Asso- 
ciation have  examined  the  report  and  accounts  of  Treasurer  Stan- 
nard  and  desire  to  report  that  we  find  them  correct  in  every  detail.! 

E.  R.  Whitney 

E.  P.   SiSSON 

December  29,  1905 
Report  accepted 

Section  officers  for  1906 

Section  A — Physics  and  chemistry 
Chairman,  C.  E.  Harris, 

East  High  School,  Rochester 

Section  B — Biology 
Chairman,  Esther  Byrnes, 

Girls  High  School,  Brooklyn 
Secretary,  W.  M.  Chester, 

Colgate  Academy,  Hamilton 

Section  C — Earth  science 
Chairman,  T.  C.  Hopkins, 

Syracuse  University 
Secretary,  Jennie  T.  Martin, 

Central  High  School,  Buffalo 

Section  D — Mathematics 
Chairman,  William  Betz, 

East  High  School,  Rochester 
Secretary,  F.  L.  Lamson, 

University  of  Rochester 
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Reports  of  committees 

Second  year  physics.     No  report.     Committee  continued. 

Laboratory  course  in  physiology.  Mr  C.  N.  Cobb  reported  that 
the  work  of  the  committee  was  ihade  the  basis  for  work  in  the  1905 
Syllabus. 

Report  accepted  and  committee  discharged. 

Joint  committee  on  teaching  physiology.  The  following  report 
was  presented  by  Prof.  I.  P.  Bishop. 

A  conference  of  delegates  from  the  Associated  Academic  Principals, 
the  Council  of  Grammar  School  Principals,  the  State  Teachers 
Association,  and  the  New  York  State  Science  Teachers  Association 
met  at  the  Vanderbilt  Hotel,  Syracuse,  December  28,  1905.  h% 
this  meeting  it  was  decided  by  unanimous  vote  to  recommend  to 
the  organizations  represented  that  they  take  action  looking  toward 
changes  in  the  Ainsworth  School  Physiology  in  certain  particulars 
among  which  are  the  following: 

1  Textbooks  should  not  be  obligatory  below  the  sixth  grade. 

2  The  clause  regarding  the  grading  of  text  should  be  modified  to 
conform  to  the  above  change. 

3  The  restriction  as  to  the  number  of  pages  to  be  devoted  to 
alcohol  and  narcotics  in  all  textbooks  should  be  removed  or  modified. 

4  The  requirement  that  the  effects  of  alcohol  and  narcotics  should 
be  taught  in  connection  with  each  topic  should  be  removed  or 
modified. 

5  The  choice  of  textbooks  should  be  unrestricted  by  law. 

The  conference  also  recommends  that  a  joint  committee  of  the 
organizations  represented  be  appointed  to  draft  an  act  embodying 
the  above  changes  and  to  secure  the  necessary  legislation.  This 
committee  to  report  at  the  next  holiday  meeting. 

Report  adopted,  and  Professor  Bishop  was  appointed  as  our  rep- 
resentative to  confer  with  joint  committee  of  the  different  organ- 
izations to  carry  out  the  suggestion  given  in  the  last  part  of  the 
report. 

ADDRESSES,  PAPERS  AND  DISCUSSIONS 

Wednesday  afternoon,  December  27 
A  PROPOSED  BIOLOGICAL  SURVEY  OF  NEW  YORK  STATE 

BY    CHARLES    WRIGHT    DODGE,    UNIVERSITY    OP    ROCHESTER 

In  1835,  Upon  the  motion  of  Charles  P.  Clinch,  a  representative 
from  New  York  city,  the  Assembly  passed  a  resolution  directing  the 
Secretary  of  State  to  report  to  the  Legislature  at  its  next  session 
the  most  feasible  method  of  obtaining  a  complete  geological  survey 
of  the  State,  including  a  scientific  account  of  the  rocks  and  soils, 
a  Ust  of  mineralogic,  zoologic  and  botanic  productions,  and  the 
collection  and  preservation  of  specimens  of  the  same,  with  an 
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estimate  of  the  expense  of  the  undertaking.  The  report  was  sub- 
mitted in  January  1836,  by  John  A.  Dix,  then  Secretary  of  State, 
and  the  act  of  April  15,  1836,  authorized  the  project,  the  Assembly 
unanimously  voting  an  appropriation  of  $104,000  for  the  enterprise. 
In  1842,  the  expenditure  of  the  additional  sum  of  $26,000  was 
authorized.  Governor  Marcy  arranged  the  plan  of  the  survey  and 
distributed  the  several  departments  of  the  work  among  a  corps 
of  specialists.  The  report  of  the  survey  was  published  between 
1842  and  1854  in  17  huge  quarto  volumes  with  numerotis  plates, 
many  of  them  being  colored,  under  the  title  of  the  Natural  History 
of  New  York,  Five  volumes  were  devoted  to  zoology,  two  to 
botany,  one  to  mineralogy,  foiu-  to  geology,  and  five  to  agriculture. 
The  survey  has  since  been  continued  along  geologic  and  paleon- 
tologic  lines  by  James  Hall  and  assistants,  and  by  his  successor 
John  M.  Clarke,  the  reports  up  to  the  present  time  filling  eight 
large  quartos  and  many  octavos.  The  various  specimens  collected 
were  used  in  part  to  constitute  the  State  Museum,  some  part  of  the 
remainder  being  distributed  among  the  collegiate  institutions  of 
the  State. 

In  the  survey  of  1836,  many  things  which  we  now  recognize  as  of 
vast  scientific  and  economic  importance  received  no  attention 
whatever  and  it  is  largely  to  remedy  this  deficiency  and  to  make 
our  knowledge  of  the  animals  and  plants  of  the  State  more  extensive 
and  complete  that  a  new  survey  is  proposed. 

In  the  original  survey  the  larger  animal  forms  from  the  mammals 
down  to  the  crustaceans  were  collected,  identified  and  described 
but  the  lower  invertebrates  were  ignored.  We  have  since  come  to 
appreciate  the  great  importance  of  worms  and  entomostracans, 
for  example,  as  food  for  fishes,  and  of  protozoans  in  the  sanitation 
of  drinking  water.  The  breeding  habits  and  economic  value  of 
mammals,  birds,  reptiles,  fishes,  mollusks,  insects  and  crustaceans 
were  not  investigated,  but  now  we  recognize  the  importance  of 
these  various  animals  as  sources  of  food  or  clothing,  or  as  beneficent 
or  harmful  agents  in  agriculture,  horticulture,  or  fish  culture,  in 
the  rearing  of  domestic  animals  and  in  hygiene. 

The  botanic  work  of  the  survey  was  mainly  the  collection  and 
description  of  the  higher  plants,  the  fungi,  lichens  and  algae  not 
being  taken  into  account.  The  importance  of  these  forms  in  fur- 
nishing material  for  many  of  the  strictly  scientific  problems  of 
biology  renders  it  highly  desirable  that  systematic  efforts  be  made 
to  increase  our  knowledge  of  these  plants,  their  distribution,  mode 
of  life  and  economic  effects  in  agriculture,  gardening,  forestry, 
fish  culture,  and  the  management  of  water  supplies. 
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Since  the  establishment  of  the  oflSce  of  State  Botanist  in  1867 
and  of  State  Entomologist  in  1882  reports  have  annually  been  made 
by  these  officers  showing  that  much  valuable  work  has  been  accom- 
plished, by  the  former  'in  noting  newly  discovered  species  and 
especially  in  describing  and  illustrating  the  edible  and  poisonous 
fungi  of  the  State,  and  by  the  latter  in  investigations  mainly  upon 
insects  of  economic  importance. 

Then,  too,  lists  containing  more  or  less  descriptive  matter  have 
been  published  by  the  State  Museum  or  are  in  preparation  on  the 
mammals,  birds,  fishes,  reptiles  and  batrachians,  moUxisks,  and 
crustaceans,  but  the  most  of  these  need  revision  and  amplification, 
and  can  not  be  made  complete  until  more  material  has  been  collected 
and  extensive  observations  made.  The  lower  plants  and  animals 
have  as  yet  received  practically  no  attention;  our  knowledge  of 
the  higher  forms  is  exceedingly  incomplete,  and  of  the  great  majority 
of  aquatic  organisms  we  know  little  or  nothing. 

Since  the  completion  of  our  State  Survey  important  work  of  the 
kind  contemplated  has  been  accomplished  in  other  coimtries  and 
states  by  individuals  working  independently,  or  under  the  auspices 
of  institutions,  or  for  government  purposes.  Reference  will  be 
made  in  the  present  instance  only  to  what  has  been  done  in  the 
investigation  of  inland  waters.  In  a  paper  published  by  Prof. 
H.  B.  Ward  in  Science  a  few  years  ago  he  showed  that  the  most 
of  the  countries  of  western  Europe  have  each  one  or  more  perma- 
nent laboratories  for  the  study  of  fresh -water  organisms.  Nearly 
20  years  ago  Professor  Fritsch,  of  the  University  of  Prague,  estab- 
lished a  laboratory  on  the  Black  lake,  a  small  body  of  water  in  the 
Bohemian  forest.  Previous  to  this  time  various  investigators  had 
worked  in  temporary  quarters  both  in  the  United  States  and 
abroad,  but  no  one  before  Fritsch  seems  to  have  had  a  building 
specially  constructed  for  the  purpose.  A  similar  laboratory  is  in 
operation  in  Finland,  and  another  near  Moscow  in  Russia.  Hun- 
gary has  a  station  at  Lake  Balaton,  one  of  the  largest  bodies  of 
fresh  water  in  Europe.  In  France  there  is  a  lacustrine  laboratory 
near  Clermont-Ferrand.  The  most  famous  of  all  such  laboratories 
is  at  Lake  Ploen  in  Holstein  under  the  direction  of  Dr  Zacharias. 
Each  year  since  its  establishment  in  189 1  a  volume  of  researches 
has  been  published  by  the  station  and  its  position  has  now  become 
sufficiently  well  assured  to  warrant  the  publication  of  a  journal 
to  be  issued  at  regular  intervals  and  to  be  devoted  exclusively  to 
limnobiology.  Germany  has  also  two  other  stations  of  lesser 
renown   and   one   has   been   established   in    England.     The   most 
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famous  investigator  of  the  biology  of  fresh  water  is  unquestionably 
Professor  Rorel,  of  the  University  of  Lausanne.  His  studies  of  Lake 
Geneva,  three  volumes  of  which  have  already  appeared,  furnish  a 
guide  to  such  work  in  all  its  branches. 

In  the  United  States  permanent  or  summer  stations  are  main- 
tained on  Lake  Mendota,  in  Wisconsin;  at  Chautauqua  lake,  in 
New  York  State;  at  Gull  lake,  in  Minnesota;  on  Lake  Erie  at  San- 
dusky and  at  Put -in-Bay  in  Ohio;  at  Turkey  lake,  in  Indiana;  and 
at  Havana,  in  Illinois.  Some  of  these  stations  are  mainly  for 
teaching,  as  that  at  Chautauqua  lake ;  others  are  for  research  exclu- 
sively, as  the  station  of  the  United  States  Fish  Commission  at 
Put -in-Bay,  Ohio ;  and  others  for  both  teaching  and  investigation, 
as  those  maintained  by  the  Universities  of  Ohio,  Indiana,  Illinois 
and  Wisconsin,  while  Massachusetts  has  a  laboratory  at  Lawrence 
devoted  solely  to  the  study  of  filtration  and  the  biology  of  drinking 
water.  In  Illinois,  Indiana,  Michigan,  Minnesota  and  Connecticut 
biological  surveys  are  in  progress  at  the  present  time.  In  New  York 
no  systematic  examination  of  the  inland  waters  has  ever  been  made. 
It  is  highly  probable  that  a  biological  survey  of  New  York  will  yield 
most  valuable  scientific  results.  Its  surface  is  more  diversified 
than  that  of  any  other  state  in  the  Union.  Its  area  is  over  49,000 
square  miles.  Its  borders  in  part  are  outlined  by  the  shores  of 
two  of  the  Great  Lakes,  by  one  of  the  largest  rivers  of  the  world, 
and  by  the  Atlantic  ocean.  Within  its  limits  arc  lakes  and  ponds 
of  every  description,  fresh-water,  brackish  water  and  saline;  a 
unique  system  of  glacial  lakes  whose  fauna  is  thought  to  have  an 
intimate  relation  to  that  of  the  sea  with  which  the  lakes  were  at  one 
time  connected ;  shallow  lakes  and  lakes  so  deep  that  they  are  popu- 
larly reputed  to  have  no  bottom;  lakes  situated  at  high  as  well  as 
lakes  at  low  altitudes;  lakes  with  and  lakes  without  outlets;  lakes 
whose  various  waters  are  of  widely  different  chemical  composition; 
isolated  lakes  and  lakes  connected  in  chains  or  systems;  lakes  fed 
by  rivers  or  smaller  streams  as  well  as  lakes  whose  water  comes  from 
springs.  Its  rivers  are  almost  as  varied  as  its  lakes.  Some  of  the 
systems  empty  into  the  Great  Lakes  while  others  flow  to  the  sea. 
The  great  tidal  Hudson  offers  every  degree  of  salinity.  In  the 
Niagara  river  with  its  falls  and  gorge,  organisms  live  under  condi- 
tions scarcely  paralleled  in  the  world.  Mineral  springs  in  great 
variety  offer  nearly  unexplored  fields  for  investigation.  A  great 
canal  which  traverses  the  State  from  east  to  west  furnishes  a  habitat 
unlike  that  found  anywhere  else  in  the  United  States.  Immense 
swamps  and  marshes  thousands  of  acres  in  extent,  harbor  organisms 
concerning  which  there  is  much  to  be  learned.     The  islands  in  the 
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Great  Lakes,  in  the  inland  lakes,  and  in  the  ocean  offer  inviting 
fields  for  exploration. 

Its  surface  extending  300  miles  from  north  to  south  and  326 
miles  from  east  to  west  presents  altitudes  from  sea  level  ±0  over 
5000  feet,  including  many  of  the  highest  peaks  east  of  the  Rocky 
motintains.  There  are  two  moimtain  regions,  one  in  the  north- 
eastern and  one  in  the  southeastern  part  of  the  State.  Caves  and 
subterranean  passages  in  considerable  number  are  to  be  foimd 
whose  biologic  conditions  are  tin  known.  The  condition  of  the  land 
varies  from  that  of  the  thickly  populated  cities  to  that  of  the 
imexplored  forests;  land  which  has  been  occupied  and  settled  for 
nearly  three  centuries  and  land  which  has  but  recently  been  cleared 
by  the  settler.  Every  variety  of  soil  is  represented,  sand,  clay, 
and  rock,  and  the  climatic  conditions  are  such  that  in  certain  parts 
of  the  State  plants  and  animals  flourish  which  are  characteristic  of 
the  flora  and  fauna  of  the  Carolinas.  No  fewer  than  three  life 
zones,  as  they  are  called,  are  represented  in  New  York,  the  boreal, 
the  transition  and  the  upper  austral,  each  zone  being  one  of  the 
iseven  transcontinental  belts  characterized  by  a  natural  grouping 
or  distribution  of  plants  and  animals.  In  respect  to  number  of 
such  zones  New  York  is  surpassed  by  but  two  of  the  states  east  of 
the  Rocky  motintains,  viz.  North  and  South  Carolina;  most  states 
having  not  more  than  two  zones.  While  the  transition  zone  occu- 
pies the  greater  part  of  the  State,  the  boreal  is  represented  in  the 
Adirondacks,  the  Catskills,  and  in  the  highlands  of  the  south- 
western section.  The  austral  zone  sends  a  long  arm  up  the  valley 
of  the  Hudson  river  to  Lake  George,  while  another  extension  from 
the  Mississippi  valley  region  reaches  from  Buffalo  to  Syracuse 
extending  back  from  the  shores  of  Lake  Ontario  for  a  distance  of 
about  30  miles.  The  extent  and  variety  of  our  fauna  and  flora 
then  are  unusual. 

It  is  therefore  proposed  that  a  survey  be  inaugurated  in  accord- 
ance with  the  following  tentative  suggestions: 

Its  object  shall  be  (i)  to  study  the  biology  of  the  fauna  and 
flora  of  the  State,  especially  of  the  aquatic  organisms,  including 
their  structure,  habits,  food,  distribution,  variations,  adaptations, 
ecologic  relations  and  economic  importance ;  (2)  to  investigate  such 
sanitary  problems  of  a  biological  nature  as  may  arise  concerning 
the  lake  and  river  waters  used  by  the  cities,  villages  and  towns  of 
the  State;  (3)  to  studv  lakes  with  reference  to  the  propagation  of 
fish. 

In  its  organization  the  survey  should  properly  be  under  the 
control  of  the   State   Museum,  and  the  members  of  the  survey 
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should  be  equipped  by  training  and  experience  to  serve  in  field, 
museum  and  laboratory;  the  regular  staff  performing  the  most  of 
the  work,  specialists  being  engaged  only  for  the  purpose  of  mono- 
graphing certain  groups  of  organisms  or  for  some  particular  service 
of  like  nature.  If  the  survey  could  be  recruited  from  the  faculties 
of  the  universities  and  colleges  of  the  State,  competent  investigators 
would  be  enlisted,  a  wider  interest  in  the  work  aroused,  and  much 
expense  saved  for  apparatus,  field  equipment,  books  etc.  The 
most  important  work  would  fall  to  the  field  parties,  and  each  of 
these  ought  to  be  in  charge  of  a  biologist  of  sufficiently  wide  inter- 
ests and  attainments  to  be  able  to  direct  investigation  along  both 
botanic  and  zoologic  lines,  that  is  to  supervise  the  study  of  the 
special  problems  assigned  to  his  assistants  while  he  at  the  same 
time  keeps  the  general  work  of  the  party  progressing.  As  assistants 
it  would  seem  desirable  to  engage  as  far  as  feasible,  the  instructors 
and  advanced  students  in  biology  in  the  colleges  and  universities, 
as  well  as  competent  high  school  teachers.  Many  would  be  glad 
of  the  opportunity  to  do  the  work  required  in  return  for  the  experi- 
ence gained.  The  field  work  would  necessarily  include  the  collec- 
tion, not  only  of  biological  facts  and  specimens,  but  of  physiographic, 
chemical  and  meteorologic  data  as  well. 

The  material  collected,  not  only  specimens,  but  also  notes, 
drawings  and  photographs,  should  belong  to  the  State  Museum 
and  should  be  addedto  that  already  deposited  there,  and  all  interest- 
ing specimens  should  be  displayed  in  proper  exhibition  cases.  In 
addition  to  the  skins  of  birds  and  mammals,  and  the  bodies  of  ani- 
mals which  are  seen  in  conventional  museums,  there  should  be  col- 
lected as  many  things  as  possible  that  show  facts  about  the  habits 
and  mode  of  life  of  organisms  such  as  specimens  of  male,  female, 
and  young  of  each  kind  of  animal,  the  larval  forms,  eggs,  egg  cases 
and  nests,  parasitic  and  pathologic  conditions,  examples  of  the 
depredations  committed  by  noxious  forms,  the  vegetative  and  the 
reproductive  stages  of  plants  in  cases  where  these  are  unlike  or 
markedly  different,  as  in  many  algae  and  fungi.  If  any  material 
can  be  obtained  in  sufficient  quantity  small  collections,  with  the 
specimens  properly  named,  should  be  distributed  to  the  schools 
throughout  tlie  State  for  use  in  teaching  the  biologic  sciences. 
If  injurious  forms,  like  the  gipsy  moth  in  its  various  stages  for 
exanij)le,  could  be  made  generally  known,  especially  in  the  lower 
schools,  much  harm  to  the  State  at  large  could  probably  be  avoided 
by  putting  people  on  their  guard  against  an  invasion  of  pests  which 
is  certain  to  come  within  a  short  time. 
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The  reports  of  the  survey  should  be  published  in  suitable  form 
using  the  best  class  of  illustrations  where  any  at  all  are  required. 
These  publications  shotdd  be  distributed  liberally  throughout  the 
State,  especially  to  schools,  and  the  district  schools  and  those  in 
small  towns  ought  to  be  remembered  in  the  distribution.  Groups  of 
poptdar  interest  should  be  treated  in  such  manner  as  to  attract  the  . 
general  reader,  and  the  identification  of  species  made  as  easy  as 
possible  by  the  use  of  analytic  keys  in  which  technical  terms  are 
avoided  to  as  great  an  extent  as  is  consistent  with  accuracy. 

The  cost  of  the  survey  would  depend  upon  the  nature  and  extent 
of  the  work  tmdertaken.  In  Illinois  the  annual  expense  at  present 
is  about  $10,000,  and  in  Minnesota  it  is  estimated  at  $10,000  to 
$20,000.  In  each  of  these  states  the  work  is  in  the  hands  of  a  staff 
of  trained  investigators  who  are  paid  for  their  services. 

It  is  now  50  to  60  years  since  the  different  biologic  branches  of 
the  original  Natural  History  Survey  were  completed.  In  that 
time  not  only  has  the  territory  covered  undergone  great  changes 
due  to  settlement  of  the  land,  destruction  of  the  forests,  drying 
up  and  filling  in  of  water  courses,  extension  of  agricultural  and 
manufacturing  operations,  increase  of  population  of  cities,  towns 
and  villages,  but  our  knowledge  of  plants  and  animals  has  also 
grown.  With  increasing  knowledge  a  multitude  of  problems  has 
arisen  in  morphology,  physiology,  distribution,  variation,  adapta- 
tion and  evolution,  and  the  scientific  point  of  view  with  respect  to 
organic  natiu^  has  changed  entirely  from  the  position  it  occupied 
at  the  time  the  survey  was  made.  The  object  of  the  proposed 
survey  is  not  so  much  merely  to  make  additions  to  the  list  of 
plants  and  animals  already  known  to  live  within  the  borders  of  the 
State  as  it  is  to  increase  our  knowledge  of  the  habits  and  the  biological 
and  economic  importance  of  these  organisms.  It  is  most  essential, 
therefore,  that  if  the  State  of  New  York  wishes  to  retain  a  leading 
position  in  educational  and  scientific  matters  it  should  do  more 
than  it  is  now  doing  in  the  study  of  its  faima  and  flora. 

Discussion 

JOHN  M.  CLARKE,  DIRECTOR  OF  SCIENCE  DIVISION,  STATE  EDUCATION 

DEPARTMENT 

The  New  York  State  Museum,  in  the  present  organization  of 
the  Education  Department,  is  the  depository  of  the  scientific 
collections  of  the  State ;  the  Division  of  Science,  the  staff  of  scientific 
workers. 

The  institution,  during  its  history  of  50  years,  has  been  pre- 
eminently a  museiun  of  geology,  and  though  biological  investigations 
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have  long  been  prosecuted  under  its  auspices  yet  these  have  been 
Undeniably  overshadowed.  It  has  seemed  proper  to  make  a  claim 
upon  the  State  for  more  equable  progress  in  these  sciences,  and  the 
proposition  to  initiate  a  careful  study  of  our  inland  waters,  to  be 
principally  biological  without  overlooking  any  contributory  data, 
presented  itself  to  my  judgment  as  specially  promising  of  f ruitftil 
results  to  New  York  State  science.  The  plan  commended  itself 
heartily,  not  alone  to  several  of  our  best  known  biologists  but  to  the 
Commissioner  of  Education  and  the  Board  of  Regents  of  the  Uni- 
versity. The  Governor  signified  his  belief  that  the  plan  was  timely 
and  proper  and  the  appropriations  committees  of  both  houses  took 
no  serious  exception  to  it.  The  State  has  two  commissions  whose 
work  involves  certain  executive  ftmctions  in  biological  science — one 
the  Forest,  Fish  and  Game  Commission,  the  other  the  Health  Com- 
mission. The  former  opposed  no  obstacles  to  the  proposition  and 
the  latter  none  which  were  not  satisfactorily  removed.  Neverthe- 
less any  new  plan  for  increased  State  aid  to  scientific  work  at 
Albany  will  not  race  through  the  legislative  chambers;  it  is  likely 
to  be  jolted,  kept  long  on  trial,  its  progress  apt  to  be  slow  and 
halting.  It  has  to  stand  aside  for  civic  measures  and  exigent 
appropriations. 

But  progress  has  been  made.  We  have  asked  for  a  modest 
appropriation  and  have  a  reasonable  confidence  that  this  will  be 
granted.  The  general  plan  of  the  work  has  taken  very  much  the 
expression  which  I  presume  has  been  set  forth  in  Professor  Dodge's 
paper  and  the  indorsement  by  the  Science  Teachers  Association  of 
the  project  as  one  promising  large  results  to  the  people  both  in  its 
economic  and  purely  scientific  returns  will  be  helpful  in  bringing 
the  effort  to  a  conclusion.  If  such  indorsement  can  be  formally 
expressed  so  much  the  better. 

In  several  departments  of  scientific  research  New  York  has  been 
the  leader  among  the  states,  earliest  on  the  ground,  breaking  a  way 
where  others  might  follow,  most  continuous  and  persistent  in  the 
maintenance  of  these  efforts;  but  in  this  biological  study  of  her 
waters  she  has  lagged  behind  some  of  the  others  though  none  of 
them  presents  such  an  attractive  diversity  of  problems.  This  is 
not  to  her  credit. 

It  may  be  well  for  me  to  say  plainly  that  the  Director  of  the 
Science  Division  does  not  propose  to  personally  conduct  a  biological 
survey.  His  duties  are  too  diverse,  his  personal  scientific  procli\4- 
ties  happen  to  lie  in  another  direction  but  he  does  propose  to  give 
this  work,  when  provided  for,  such  executive  supervision  and 
encouragement  as  lies  in  his  power. 
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SECTION  MEETINGS 
Wednesday  afternoon,  December  27 

Section  A— PHYSICS  AND  CHEMISTRY 

THE  CORRELATION  OF  MATHEMATICS  AND  PHYSICS 
BY    JAMES    McMAHON,    CORNELL    UNIVERSITY 

This  paper  is  intended  to  open  a  discussion  on  the  question  as 
to  what  degree  of  correlation  of  the  instruction  in  mathematics 
and  physics  is  most  desirable  and  feasible  in  the  secondary  schools 
and  colleges  of  this  State.  I  say  what  degree,  for  the  word  correla- 
tion is  very  elastic  in  its  meaning.  As  I  understand  it,  two  sub- 
jects are  said  to  be  taught  in  correlation  when  they  are  so  presented 
that  each  derives  more  or  less  benefit  from  the  other,  and  confers 
certain  favors  in  return.  This  correlation  may  be  close  and  sys- 
tematic, or  it  may  be  loose  and  incidental,  in  varying  degrees. 
The  closest  degree  of  correlation,  advocated  by  some  enthusiasts, 
is  hardly  distinguishable  from  a  complete  fusion  or  tmification, 
in  which  certain  parts  of  mathematics  and  physics  are  taught  by 
the  same  teacher,  at  the  same  time,  as  a  single  dovetailed  course. 
The  next  lower  degree  is  when  the  subjects  are  taught  by  the  same 
teacher  at  different  hours,  with  systematic  cross  references  from 
one  subject  to  the  other.  In  the  still  looser  degrees  of  correlation, 
there  are  different  instructors  with  more  or  less  sympathetic  rela- 
tions and  mutual  understanding.  In  all  our  institutions  of  learning 
there  is  of  course  some  degree  of  correlation,  the  mathematics 
being  taught  with  some  reference  to  the  needs  of  alHed  departments, 
and  some  physical  illustrations  being  introduced  to  throw  light  on 
certain  mathematical  processes.  This  practice  has  been  increasing 
in  recent  years,  and  the  question  has  arisen  whether  it  should  not 
be  erected  into  a  general  pedagogic  principle  and  carried  out  more 
systematically.  In  this  era  of  pedagogic  experiments  we  in  New 
York  are  perhaps  fortunately  situated  in  being  under  the  influence 
of  the  conservative  atmosphere  of  the  East,  while  we  are  open  to 
radical  impulses  from  the  West.  Without  being  carried  off  our 
feet,  we  can  watch  with  sympathetic  interest  the  thoroughgoing 
pedagogic  experiments  now  being  made  by  some  of  our  brethren  in 
the  Central  States.  I  presume  that  most  of  you  have  seen  the 
admirable  report  of  the  committee  on  the  correlation  of  mathe- 
matics and  physics  in  the  secondary  schools,  published  as  an 
appendix  to  the  proceedings  of  the  Central  Association  of  Science 
and  Mathematics   Teachers,  and  also   published  in  separate  pam- 
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phlet  form.  It  seems  to  me  that  that  report  says  everything  that 
need  be  said  with  regard  to  the  general  principles  on  which  any 
valuable  correlation  should  be  based;  and  ample  material  is  ap- 
pended for  carrying  out  the  principles  and  methods  to  any  desired 
extent.  The  important  question  for  us  today  is  how  the  methods 
are  working  out  in  the  classrooms  where  they  are  being  tested. 
The  experience  of  some  well  known  teachers  who  have  actually 
tried  various  degrees  and  methods  of  correlation  have  been  pub- 
Ushed  from  time  to  time  in  educational  journals.  They  report 
varying  degrees  of  success ;  and  I  can  not  open  this  discussion  better 
than  by  quoting  the  words  of  some  teachers  who  have  placed  them- 
selves on  record  in  this  way  for  the  benefit  of  their  fellows.  I  do 
not  here  quote  mere  theoretic  statements  of  what  some  people  think 
other  people  should  or  should  not  do,  but  results  of  actual  experi- 
ence by  the  writers  themselves. 

The  most  enthusiastic  advocate  of  close  correlation  in  secondary 
school  work  is  Miss  Edith  Long  of  the  High  School,  Lincoln,  Ne- 
braska, who  speaks  from  an  experience  of  several  years.  I  will 
not  diminish  the  force  or  grace  of  her  words  by  attempting  any 
abstract  of  her  paper;  and  in  order  that  those  who  have  not  seen 
the  article  may  catch  something  of  her  spirit,  I  shall  quote  at 
considerable  length.  In  the  Educational  Review  for  October  1902, 
Miss  Long  writes  in  part  as  follows: 

This  school  goes  further  than  the  correlation  of  algebra  and 
geometry;  it  has  introduced  a  large  amount  of  science — ^physics 
and  physical  geography— for  the  sake  of  a  broader  concrete  basis 
for  the  algebra,  and  more  interesting  application  of  the  geometry. 
In  order  that  a  clear  understanding  may  be  had  of  the  feasibility 
of  this  plan,  it  will  be  necessary  to  describe  another  branch  of  the 
course  of  study.  One  of  the  required  subjects  for  the  first  year 
student  is  a  course  in  what  is  termed  "elementary  science."  It 
consists  chiefly  of  recitation  and  laboratory  experiments  in  the 
common  elementary  physical  laws  with  which  the  child  comes  in 
daily  contact.  The  study  excites  the  keenest  interest,  and  algebra 
based  on  the  concrete  notion  of  quantity,  both  positive  and  nega- 
tive, has  a  life  and  meaning  tmattainable  under  the  method  of 
abstract — to  the  student  meaningless — reasoning  with  symbols 
and  rules.  Indeed  the  clear  comprehension  of  comparison  of 
quantity  which  even  the  ninth  grade  student  acquires  under  the 
development  of  mathematics  on  a  concrete  basis  is  surprising. 
By  means  of  material  from  the  laboratory  of  actual  measurement 
and  weight,  sustained  by  geometric  intuitions  of  distances,  areas, 
and  angles,  both  positive  and  negative,  algebraic  principles  are 
firmly  fixed  in  the  mind — the  specific  cases  gradually  giving  way 
to  symbols  of  general  quantitative  expression.  For  example 
equation  work  is  taught  in  connection  with  experiments  on  the 
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balances.  At  first  all  problems  leading  to  equations  are  taken 
from  actual  experiments  made;  then  as  the  pupil  begins  to  feel 
the  tedioxisness  and  uselessness  of  specific  numbers  of  grams,  deci- 
grams, etc.,  in  carrying  out  his  thought,  he  is  led  to  introduce 
general  expressions — in  fact,  many  pupils  will  attempt  this  without 
suggestion  on  the  part  of  the  teacher  and  write  w  for  weight  of 
some  substance,  or  c  for  number  of  centigrams  etc.,  or  /  for  length 
of  lines,  o  for  size  of  angles;  while  under  the  direction  of  the  teacher 
a  more  thorough  comprehension  of  general  quantitative  expression 
is  obtained  than  can  be  obtained  tmderany  other  method  of  presenta- 
tion. Furthermore  by  geometric  relations  of  magnitude  and  by 
laboratory  studies  of  such  laws  as  that  of  the  lever  and  Boyle's  law, 
the  student  reaches  an  understanding  of  ratio  both  direct  and  in- 
verse, clearer  to  a  degree  than  is  ever  possible  under  the  isolated 
teaching  of  algebra.  Positive  and  negative  quantities  become  a 
reality  through  geometric  and  physical  examples.  Solution  by 
rule  is  tmnatural  to  this  method  of  teaching  and  is  strictly  guarded 
against  .  .  .  Throughout  the  entire  first  year  the  three  studies, 
algebra,  geometry'',  and  physics  are  kept  together — the  latter  sup- 
plementing the  former  with  concrete  material,  the  former  furnishing 
the  solution  of  problems  drawn  from  the  experiments  of  the  latter 
and  leading  to  generahzations  of  results.  The  reasoning  is  similar 
if  not  the  same  in  all,  which  fact  is  kept  constantly  before  the 
student. 

During  the  second  year  when  equation  work  is  strongest,  the 
geometry  and  physics  furnish  a  body  of  material  which  can  be 
utilized  to  create  the  greatest  enthusiasm  and  interest  in  the  sub- 
ject. To  add  to  this,  the  more  elementary  ideas  of  trigonometry 
are  introduced  in  connection  with  ratio  and  proportion  and  similar 
triangles  thus  opening  up  another  line  of  practical  applications. 

The  objection  has  been  offered  to  this  plan  of  teaching  mathe- 
matics that  it  will  require  too  much  time.  This  is  not  true.  The 
mathematics  is  completed  in  less  time  than  is  required  by  other 
schools  in  the  state,  or  than  was  formerly  required  in  this  school 
tmder  the  single  study  method,  while  a  far  greater  degree  of  thor- 
oughness and  insight  into  the  subject  is  obtained. 

The  truth  of  this  statement  will  easily  impress  itself  upon  any 
one  who  stops  to  consider  that,  instead  of  being  shot  through  the 
algebra  in  a  year  and  geometry  in  a  year  and  a  half,  without  any 
clear  notion  as  to  the  use  of  either,  the  student  spends  in  reality 
two  and  a  half  years  on  each.  The  principles  are  inculcated  in 
such  a  way  that  they  can  not  be  forgotten,  while  the  application 
of  mathematics  to  physics  is  clearly  understood,  and  the  knowledge 
of  physical  laws  is  utilized  to  stimulate  the  student  in  the  pursuit 
of  that  branch  of  learning  which  alone  embodies  indisputable 
truth. 

In  partial  contrast  with  Miss  Long's  experience,  I  shall  next 
quote  from  a  teacher  situated  a  little  farther  east.  Miss  Mabel 
Sykes  of  South  Chicago  High  School,  who  advocates  a  less  close 
degree   of   correlation.     At   the    i8th   annual   conference   of   the 
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academies  and  high  schools  in  relations  with  the  University  of 
Chicago,  November  1904,  (reported  in  The  School  Review  January 
1905),  Miss  Sykes  spoke  in  part  as  follows: 

Dr  Tompkins'  remark  "Push  your  [own]  subject  to  its  utmost, 
and  you  do  all  the  correlating  necessary'*  seems  to  me  to  define 
the  legitimate  limits  of  correlation,  and  to  apply  both  to  the  teacher 
of  physics  and  chemistry  and  to  the  teacher  of  algebra  and  geom- 
etry. If  a  problem  involves  a  technical  knowledge  of  another 
subject  that  can  not  be  given  by  a  few  words  of  explanation,  that 
problem  and  the  algebra  necessary  to  solve  it  belongs  to  that  other 
subject,  and  the  teacher  [of  that  subject]  has  no  right  to  object  to  a 
review  of  the  necessary  mathematics.  On  the  other  hand  it  seems 
to  me  that  a  training  in  certain  applications  of  algebra  is  a  vital 
part  of  the  algebraic  work.  Among  the  most  important  of  such 
applications  are  problems  involving  time,  rate,  and  distance, 
problems  involving  mensuration  or  arithmetical  relations  with 
which  the  pupil  is  familiar.  The  manipulation  of  formulas  from 
physics  and  arithmetic,  so  as  to  solve  for  the  various  letters  in- 
volved, seems  to  come  under  the  same  head.  If,  as  has  been 
suggested,  the  pupil  is  early  introduced  to  the  various  kinds  of 
equations,  consideration  of  any  one  kind  of  problem  is  a  compara- 
tively easy  matter.  Take,  for  example,  the  questions  involving 
time,  rate,  and  distance.  After  the  relations  have  been  thoroughly 
discussed,  the  different  kinds  of  problems  can  be  taken  up,  the 
easiest  first,  without  regard  to  the  nature  of  the  equations  pro- 
duced. There  are  cases  of  one  body  meeting  another,  or  of  one 
body  overtaking  another,  and  cases  involving  the  resultant  of  two 
forces.  All  the  cases  must  be  thoroughly  discussed  before  more 
complicated  problems  are  given. 

One  of  the  most  serious  problems  in  algebra  teaching  has  long 
been  how  to  give  algebra  a  meaning  to  a  class  of  beginners.  There 
have  been  attempts  made  to  solve  this  problem  by  the  introduction 
of  graphs  and  elementary  physics  experiments.  Because  these 
things  give  to  us  concrete  illustrations  of  abstract  ideas,  we  have 
assumed  that  they  do  to  the  child.  As  a  matter  of  fact  they  are 
as  surely  outside  of  his  experience  as  the  mathematics  however 
concrete  they  may  be  in  themselves.  It  may  be  a  simpler  matter 
to  enlarge  the  experience  so  as  to  take  in  the  things  desired  for 
illustration  than  it  is  to  take  in  the  algebra.  .  .But  a  roundabout 
connection  has  to  be  established  between  the  child's  life  and  the 
illustration,  and  then  between  the  illustration  and  the  subject  in 
hand  .  .  .  By  means  of  arithmetic  handled  judiciously  we  may 
establish  a  direct  and  not  a  roundabout  connection  between  algebra 
and  the  child's  life. 

The  next  teacher  whose  experience  I  quote  is  also  a  resident  of 
Chicago,  but  a  much  more  thoroughgoing  advocate  of  the  use  of  the 
laboratory  method,  as  a  soimd  pedagogic  principle.  Prof.  G.  W. 
Myers  of  the  College  of  Education  of  the  University  of  Chicago, 
writing  in  the  School  Review,  1904,  says: 
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I  give  a  few  practical  examples  such  as  I  have  actually  used 
with  high  school  classes  with  what  seemed  to  me  a  sufficient  measure 
of  success  to  justify  doing  more  of  it  myself  and  commending  it  to 
those  concerned  in  the  practical  problem  of  imifying  the  mathe- 
matics and  science  in  the  secondary  curriculum. 

A  method  of  handling  experimental  data  in  a  mathematical 
class  may  be  exemplified  by  the  study  of  friction.  The  data  and 
results  of  such  a  study  are  given  in  the  table  for  the  friction  of  pine 
against  pine  .  .  .  [Here  follows  a  table  and  an  explanation  of  the 
method  of  deducing  the  law  of  friction  from  the  numerical  data 
by  a  method  of  successive  approximation]  .  .  .  There  is  little  of 
the  algebraic  technic  from  the  beginning  of  algebra  to  the  solution 
of  simultaneous  linear  equations  that  is  not  called  for  in  this  work, 
though,  at  every  step,  it  appeals  to  the  student  as  subsidiary — 
incidental,  if  you  please,  but  not  accidental — ^to  an  appreciably 
valuable  main  purpose.  Nor  is  the  arithmetic  ignored.  The 
student  is  learning  where  "to  put  the  point,"  for  he  is  handling 
decimals  throughout. 

Graphical  work  might  profitably  come  in  here  in  either  of  two 
ways:  (i)  the  student  might  represent  geometrically  the  final 
law;  (2)  he  might  have  plotted  the  observations,  and,  with  the  aid 
of  a  taut  string,  have  drawn  the  mean  line  and  derived  the  law 
independently  from  the  picture,  and  then  have  compared  the  law 
graphically  derived,  with  that  derived  algebraically  and  arithmetic- 
ally as  above.  But  I  would  not  advise  using  the  graph  of  observa- 
tions, or  of  equations,  otherwise  than  as  a  means  to  a  better  imder- 
standing  of  some  law  or  truth  which  is  really  illumined  by  it.  I 
doubt  the  wisdom  of  using  the  graph  for  its  own  sake  much  before 
the  early  college  years.  I  am  convinced  of  the  wisdom  of  using  it 
as  a  means  to  Hghting  up  difficult  matters  even  before  the  high 
school. 

Professor  Myers  then  goes  on  to  mention  the  law  of  the  pendu- 
lum, the  loaded  steel  spring,  the  inclined  plane,  Boyle's  law,  as 
furnishing  excellent  material  for  the  study  of  algebraic  relations 
in  connection  with  the  laboratory  method.  He  is  decidedly  favor- 
able to  this  method  as  a  pedagogic  principle. 

Our  next  witness  is  much  more  conservative,  which  may  be 
partly  due  to  the  fact  that  he  is  situated  considerably  east  of 
Chicago.  Mr  F.  T.  Jones  of  University  School,  Cleveland,  reports 
his  experience  in  using  the  outline  of  laboratory  experiments  in 
plane  geometry  which  was  prepared  by  Professors  Plant  and  Bishop 
of  Bradley  Institute,  Chicago,  and  was  published  as  an  appendix 
to  the  report  of  the  committee  on  correlation  mentioned  above. 
Writing  in  School  Science  and  Mathematics,  June  1905,  Mr  Jones 
says  in  part: 

Using  the  outline  as  a  basis,  I  tried  physical  laboratory  experi- 
ments with  a  class  of  boys  in  geometry  corresponding  to  second 
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year  high  school  pupils.  Contrary  to  my  expectation  and  desire 
the  attempt  to  use  these  experiments  could  not  be  considered  a 
success.  Among  the  experiments  tried  were  the  following:  (i)  com- 
parison of  inch  and  centimeter,  (2)  law  of  reflection,  (3)  center  of 
gravity  of  a  triangle,  (4)  law  of  refraction.  After  spending  some 
time  on  such  experiments  with  indifferent  success  I  changed  my 
mode  of  operation  and  introduced  the  use  of  squared  or  cross- 
section  paper,  plotting  of  straight  lines,  circles,  ellipses,  solution 
of  simple  simultaneous  equations  of  first  and  second  degree,  finding 
areas  by  coimting  squares,  and  deducing  niles  for  computing  areas.  . 
This  was  successful  -  in  the  cardinal  features  which  any  proper 
experiment  should  possess:  (i)  it  stimulated  thought;  (2)  com- 
pelled scientific  observation  and  reasoning;  (3)  compelled  accurate 
and  careful  work;  (4)  was  not  too  difficult;  (5)  taught  definite 
facts;  (6)  was  intimately  connected  with  classroom  work  .  ,  . 
As  far  as  can  be  judged  from  a  single  year's  trial,  physics  laboratory 
experiments  performed  by  the  class  in  connection  with  plane 
geometry  were  not  especially  helpful,  but  occasional  lecture  ex- 
periments which  had  a  direct  mathematical  application  and  which 
gave  quite  exact  results  may  be  of  great  assistance.  .  .in  enlivening 
and  explaining  the  subject.  Also  from  the  single  year's  trial  it 
seems  that  experiments  in  plotting  curves  and  finding  areas  graphic- 
ally are  well  worth  doing  in  connection  either  with  geometry  or 
algebra.  Where  used,  I  can  see  no  reason  for  any  radical  departure 
from  the  way  in  which  algebra  is  introduced.  As  to  the  introduc- 
tion of  the  subject  of  geometry,  the  method  of  observation  and 
experiment  can,  and  I  believe  should  be  extensively  used.  To 
put  off  its  introduction  until  the  first  or  second  high  school  year 
(ninth  or  tenth  grade)  is,  however,  too  late  to  realize  the  most 
reliable  results.  .  .  An  improvement  in  the  quality  of  problems  in 
geometry  and  algebra  is  much  to  be  desired ;  but  to  add  concreteness 
and  to  make  them  really  practical  some  very  few  physical  notions 
are  necessary.  Among  these  may  be  mentioned  specific  gravity, 
vectors  (parallelogram  of  forces),  velocity  .  .  .  The  panacea  for 
all  our  difficulties  does  not  lie  in  a  laboratory  method  in  mathe- 
matics or  in  any  other  method,  but  in  a  steady  systematizing  of 
our  mathematics  and  associated  courses  so  that  each  shall  support 
the  other.  There  is  also  necessary  a  growth  of  true  scientific  spirit 
among  the  teaching  force  that  the  thinking  power  of  the  pupils 
may  develop  under  the  stimulus  of  observation  and  experiment. 

Having  listened  to  the  varied  experiences  of  these  earnest  and 
representative  teachers  we  may  stop  to  notice  a  few  salient  points. 
Among  diversities  of  conditions  and  methods  they  are  all  animated 
by  the  same  noble  spirit ;  they  keep  the  end  and  aim  of  all  instruc- 
tion steadily  in  view — the  making  of  clear  thinkers,  enlightened 
citizens,  good  men,  of  disciplined  and  soldierly  temper.  Their 
more  or  less  outspoken  utilitarianism  is  largely  on  the  surface. 
They  begin  with  the  familiar  and  real,  but  their  main  purpose  is 
intellectual  and  ideal.     The  student  is  at  first  beguiled  with  the 


1905]  SECTION   MEETINGS — SECTION   A  23 

allurements  of  interesting  familiar  things,  that  he  may  gradually 
learn  to  run  with  patience  the  long  race  which  finds  its  crown  and 
chief  reward  in  the  love  of  intellectual  things  for  their  own  sake. 

Again  there  is  no  mere  paper  correlation  carried  out  in  a  wooden 
way;  it  is  tentative,  it  is  elastic,  it  is  human.  If  I  may  adapt  a 
phrase  from  the  Gospel,  the  system  is  for  the  child,  and  not  the  child 
for  the  system.  It  is  equally  true  that  the  system  is  for  the  teacher ; 
for  it  is  being  gradually  adapted  to  himself,  as  well  as  to  his  material, 
and  the  atmosphere  in  which  he  works. 

Moreover  these  teachers  do  not  seem  to  have  been  made  afraid 
by  any  terror  that  walketh  by  noonday  or  by  night,  in  the  shape 
of  the  school  superintendent,  or  the  college  entrance  examiner. 
They  appear  to  have  faith  in  the  essentially  human  spirit  of  these 
ftmctionaries,  that  they  can  be  trusted  to  recognize  real  and  vital 
and  fruitful  knowledge  wherever  they  may  meet  it,  even  though 
not  clothed  in  traditional  forms.  In  this  generous  faith  I  am 
convinced  they  will  not  be  disappointed. 

This  leads  me  to  give  a  few  very  instructive  quotations  showing 
the  attitude  of  some  institutions  of  collegiate  grade  towards  the 
problem  of  close  correlation. 

A  very  close  degree  of  correlation  has  been  in  practice  for  some 
years  at  Bradley  Institute,  Chicago.  Prof.  F.  L.  Bishop  describes 
it  in  School  Science  for  March  1905,  as  follows: 

From  the  point  of  view  of  the  physicist  the  work  of  correlation 
at  Bradley  Institute  commenced  some  six  years  ago  when  the  mathe- 
matical department  discarded  the  algebras  then  in  use,  and  made 
out  an  outline  one  which  used  extensively  the  graph  and  introduced 
a  large  number  of  physical  problems.  These  problems  were  selected 
in  what  appears  to  me  now  an  almost  ideal  manner.  The  physical 
department  furnished  a  list  of  all  the  typical  equations  used  in 
elementary  physics,  and  later  a  series  of  problems  which  covered 
every  type  of  equation.  The  mathematical  department  then  se- 
lected from  these,  and  added  many  others  which  appeared  especially 
well  adapted  to  students  in  elementary  algebra.  From  simple 
problems  to  simple  apparatus  was  only  a  step  .  .  .  Two  years 
ago  the  mathematical  laboratory  for  work  in  concrete  geometry 
was  established  .  .  .  Some  of  the  experiments  were  taken  directly 
from  the  physics,  while  others  were  original  and  not  ordinarily  given 
at  the  present  time  in  the  elementary  physics.  Great  care  was 
taken  in  the  selection  of  these  experiments  to  include  only  in  general 
those  that  have  a  geometrical  proof,  thus  enabling  the  student  to 
obtain  a  very  clear  comprehension  of  the  practical  applications  of 
his  geometry.  The  second  object  that  was  aimed  at  was  the 
selection  of  experiments  which  required  only  the  simplest  form  of 
apparatus  ....  It  is  not  the  aim  of  this  laboratory  course  to  teach 
the  student  manipulation  of  complicated  apparatus. 
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It  was  early  recognized  that  it  would  be  impossible  to  have  a 
close  correlation  between  the  physics  and  mathematics  unless  the 
instructors  were  familiar  with  the  work  of  both  departments.  For 
this  reason  one  mathematical  instructor  taught  three  fourths  of 
his  time  in  mathematics  and  one  fourth  in  physics,  while  one  of  the^ 
physics  instructors  gave  three  fourths  of  his  time  to  physics  and 
one  fourth  to  mathematics,  i.  e.  the  physics  instructor  had  one^ 
class  in  geometry  or  algebra  and  the  rest  of  his  time  in  physiesi 
This  also  furnished  a  bond  of  interest  between  the  two  departmen^^ 
in  that  each  knew  the  aiins  and  objects  of  the  other. 

The  results  obtained  from  this  arrangement  can  not  be  over- 
estimated. It  seems  to  me  doubtful  if  as  much  cotdd  have  been 
accomplished  in  any  other  way,  at  least  it  would  have  required  a 
much  longer  time.  Another  feature  which  contributed  materially 
to  the  success  of  this  correlation  was  the  introduction  three  years 
ago  of  a  course  in  physiography,  which  is  taken  by  all  students 
during  the  first  quarter  of  the  first  year.  This  course,  given  under 
the  direction  of  the  physics  department,  is  made  an  introductory* 
course  in  science,  so  that  the  student  is  more  or  less  familiar  with 
the  words  and  phrases  that  he  will  be  required  to  use  in  his  prob-» 
lems  in  algebra  and  geometry.  [These  experiments  are  published 
in  full  in  an  appendix  to  the  report  mentioned  above.]  ...  A 
pertinent  question  would  be:  What  assistance  has  this  been  to 
physics?  The  student  is  familiar  with  many  of  the  words  like 
velocity,  acceleration,  force,  centigrade,  etc.,  the  metric  system 
in  detail,  and  the  graph.  He  can  solve  all  algebraic  equations 
occurring  in  physics  with  numerical  examples  \mder  each.  The 
working  of  examples  in  the  composition  and  resolution  of  forces 
with  the  trigonometric  functions — sine,  cosine  and  tangent  is  but 
a  continuation  of  his  work  in  geometry.  The  laws  of  the  lever, 
reflection  and  refraction  of  light,  of  the  inclined  plane,  and  the 
relation  between  the  Centigrade  and  Fahrenheit  thermometers 
come  as  easy  as  the  simplest  equation  in  algebra.  From  his  labora-p 
tory  work  he  is  familiar  with  the  method  of  doing  accurate  labora- 
tor>'  work.  He  knows  the  degree  of  accuracy  which  he  may  expect 
to  obtain,  i.  e.  a  clear  relation  between  the  theory  and  practice. 
He  is  also  familiar  with  the  sources  of  error,  the  form  of  laboratory 
report,  and  he  knows  the  best  methods  of  computation  .  .  . 
Another  question  which  is  often  asked  and  which  is  certainly 
much  to  the  point  is :  Do  these  students  know  the  pure  mathematics 
as  well  as  students  who  have  had  only  the  abstract  mathematics? 
This  is ,  of  course ,  a  very  difficult  question  to  answer.  I  have  made  an 
attempt  to  find  an  answer  in  this  way.  I  have  in  my  classes  not 
only  students  who  have  taken  this  work,  but  also  students  who 
have  come  to  us  from  first  class  high  schools  where  I  know  that 
the  preparation  in  pure  mathematics  is  very  good.  I  have  some- 
times asked  for  the  proof  of  some  geometrical  theorem  that  we 
have  been  using,  as  for  instance  the  Pythagorean  theorem.  I  have 
never  yet  found  a  student  with  only  the  abstract  preparation  who 
would  attempt  to  demonstrate  one  of  these  offhand;  while  I 
have  found  that  a  large  number  of  the  students  who  have  had  the 
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concrete  geometry  were  able  to  give  the  demonstration.  While 
this  can  not  be  considered  in  any  sense  a  proof  it  certainly  indicates 
to  me  that  the  student  has  lost  none  of  his  reasoning  powers  by 
taking  up  this  applied  work. 

.  Professor  Bishop  in  the  same  paper  reports  the  progress  in  cor- 
relation made  in  some  other  collegiate  institutions.  Professor 
Woodworth  of  the  department  of  physics  in  Lewis  Institute  says : 

I  take  great  pleasure  in  reporting  progress  in  the  correlation  of 
mathematics  and  physics  at  Lewis  Institute.  I  have  been  more 
than  pleased  with  the  results  as  they  develop  this  year.  The 
students  who  had  the  mathematical  work  based  upon  actual 
measurements  are  much  better  prepared  than  those  who  have  had 
the  same  amount  of  abstract  work  in  mathematics.  The  work 
seems  in  some  way  to  have  developed  a  thinking  niathematical 
method  which  largely  prevents  those  mathematical  blunders  which 
have  been  so  exasperating  to  physics  teachers.  I  also  think  thj? 
attempt  at  precision  measurement  has  increased  the  students* 
reverence  for  mathematics. 

Dean  Raymond,  professor  of  physics  in  Armour  Institute,  writes: 
We  have  found  at  Armour  Institute  that  in  attempting  to  do 
specified  physics  experiments  with  our  mathematical  classes,  we 
sacrificed  the  formal  drill  in  the  manipulation  of  algebraic  expres- 
sions. This  is  too  important  a  part  of  the  training  of  an  engineer 
to  be  studied  in  any  but  a  rigid  manner.  In  place  of  the  **booky*'* 
problems  that  are  foimd  in  almost  every  text,  we  have  supplied 
a  long  list  of  problems  from  physics,  especially  mechanics,  etc. 
[without  abandoning  the  use  of  a  text].  The  law  is  stated  and  the 
student  has  problems  to  solve  that  arise  from  the  law.  The  interest 
of  the  student  is  assured  at  the  outset  knowing  that  he  will  later 
meet  with  the  principle  in  his  engineering  work.  Besides  the  inter- 
est of  the  student,  he  is  being  drilled  to  manipulate  those  forms 
which  will  make  the  study  of  mechanics  or  physics  very  much 
easier  when  taken  up. 

Professor  Greenwood  of  McKendree  College  writes: 
We  are  trying  to  bring  mathematics  and  physics  into  close 
relationship  by  showing  that  algebra  is  a  means  of  expressing 
relations  among  magnitudes  which  may  be  measured  and  of  express- 
ing relations  deduced  from  given  relations.  I  am  using  entirely  new 
definitions  with  these  ends  in  view,  and  as  far  as  I  know  they  differ 
widely  from  the  textbooks.  We  take  any  verbal  statement  from 
physics  or  arithmetic  and  then  state  it  in  the  form  of  an  equation. 
From  equations  we  state  verbal  equivalents  or  rules.  We  leave 
entirely  in  the  physical  department  the  experiments  from  which 
the  laws  are  deduced. 

After  quoting  similar  experiences  from  other  institutions,  Pro- 
fessor Bishop  sums  up  his  article  by  saying: 

From  the  statements  of  various  persons  quoted  in  this  paper, 
and  from  others  which  I  have  obtained,  it  seems  that  correlation 
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does  not  mean  that  either  algebra  or  geometry  or  physics  is  to  be 
ehminated,  but.  as  Dr  Milliken  very  aptly  expresses  it,  **you  can 
teach  all  the  physics  you  want  in  algebra  and  geometry  and  then 
there  will  be  plenty  left  for  us." 

It  appears  that  the  correlation  is  an  accomplished  fact  in  so  far 
that  problems  from  physics  are  made  the  basis  of  the  original  work 
in  algebra  and  that  wherever  this  work  is  carried  on  we  find  both 
the  mathematics  and  physics  teachers  enthusiastic  concerning 
the  progress  of  the  student  in  his  power  not  only  to  use  his  mathe- 
matics, but  he  seems  to  possess  a  clearer  and  a  more  correct  idea 
of  the  abstract  mathematics. 

I  hope  these  long  quotations  will  seem  to  you  justified  by  the 
highly  instructive  way  in  which  they  show  the  principles  of  correla- 
tion at  work  under  various  conditions.  We  see  in  the  higher  insti- 
tutions the  same  varying  degrees  of  correlation  as  in  the  secondary 
schools.  Each  institution  seems  to  be  feeling  its  way  toward 
maximum  efficiency  under  its  own  peculiar  conditions.  There 
does  not  seem  to  be  any  reason  why  the  same  principles  may  not 
be  applied  in  the  East  in  a  similar  spirit.  There  is  ample  material 
in  the  report  of  the  committee  mentioned  above,  with  its  appen- 
dixes, and  in  the  various  articles  to  which  I  have  referred,  to 
enable  any  school  to  make  careful  pedagogic  experiments  in  its 
own  way.  The  authorities  are  not  so  blinded  by  love  for  present 
methods  that  they  can  not  recognize  improvements  when  they  see 
them.  We  can,  at  any  rate,  all  practise  a  kind  of  correlation  which 
is  far  more  fruitful  than  any  paper  scheme.  We  can  cultivate 
a  high  degree  of  sympathy  and  mutual  understanding  among  all 
the  teachers  of  all  the  grades  of  all  the  allied  subjects ;  and  we  can 
then  let  the  mutual  action  and  reaction  of  all  the  subtle  forces  do 
their  perfect  work  in  leading  up  to  that  adjustment  which  produces 
maximum  efficiency.  There  is  already  much  of  this  spirit  in  our 
schools  and  colleges,  and  it  is  worthy  of  cultivation  and  develop- 
ment. 

I  may  here  say  a  few  words  about  the  practice  at  Cornell.  At 
the  conferences  of  the  related  departments,  when  the  mathemati- 
cians ask  the  teachers  of  science  or  engineering  what  their  students 
need  most,  they  reply: 

We  want  all  the  mathematics  you  can  give  them  in  the  time  at 
your  disposal.  We  need,  in  the  first  place,  facility  in  numerical 
computation.  We  want  the  student  to  have  a  well  developed 
arithmetical  sense,  so  that  he  can  readily  predict  a  rough  approxi- 
mation to  the  result  of  a  numerical  operation,  and  readily  check 
the  result  when  obtained,  and  so  that  he  can  also  recognize  what 
degree  of  accuracy  is  necessary  and  sufficient  for  the  problem  in 
hand,  that  he  may  not  waste  time  in  useless  computation.     Again 
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we  want  the  student  to  have  facility  in  algebraic  transformation, 
and  in  representing  all  kinds  of  functional  relations  graphically. 
He  should  have  his  analytic  geometry  and  calculus  so  well  in  hand 
that  he  can  see  readily  what  interpretation  to  give  to  the  charac- 
teristic features  of  the  graph,  e.  g.,  the  intercepts  on  the  coordinate 
axes,  the  slope,  the  area,  the  direction  of  bending,  the  inflexions, 
the  crests  and  troughs.  He  should  be  able  to  work  as  readily 
with  the  variables  space,  time,  volume,  pressure  etc.,  as  with  the 
formal  x  and  y.  We  don*t  like  to  have  to  turn  aside  from  our  own 
work  to  show  them  such  things  as  these.  We  realize  that  we  shall 
have  to  turn  aside  a  little,  to  make  good  connections,  but  we  want 
your  assistance  in  reducing  this  to  a  minimiun. 

To  attain  this  end,  suitable  problems  are  devised,  not  requiring 
much  physical  explanation,  but  involving  the  kinds  of  mathe- 
matical transformation  and  computation  that  will  be  of  most 
immediate  use  in  the  allied  departments.  In  return  the  mathe- 
matical teacher  borrows  illustrative  material  from  the  physical 
sciences,  selected  for  its  intellectual  value  and  availability.  The 
advanced  work  in  mathematical  physics  is  divided  up  among  the 
professors  of  physics  and  mathematics,  and  is  sufficiently  coordi- 
nated. No  part  of  the  instruction  in  any  department  is  merely 
utilitarian,  least  of  all  in  the  college  of  arts  and  sciences,  where 
the  note  of  idealism  is  dominant. 

I  would  say,  in  closing,  that  since  it  is  the  high  duty  and  privilege 
of  every  teacher  to  contribute  an  ideal  element  to  whatever  he 
touches,  he  should  be  allowed  a  generous  freedom.  There  are 
diversities  of  gifts  with  the  same  spirit.  The  teacher  of  any  of  the 
related  sciences  has  a  golden  opportunity  to  strengthen  the  faith 
of  his  pupil  in  a  deep-lying  correspondence  between  the  world  of 
nature  and  the  world  of  the  pure  intellect,  by  showing  him  the 
progressive  correlation  that  can  be  read  on  the  pages  of  history; 
thus  leading  the  pupil  to  a  firm  belief  in  the  intellectual  basis  of  the 
wonderful  cosmos  of  which  he  is  a  part;  so  that  standing  on  the 
solid  earth,  and  coimting  nothing  human  alien  to  him,  he  may 
become  a  seer  of  far  visions. 

THE  ALTERNATIIIG  CURRENT 
BY  JOHN  F.  WOODHULL,  TEACHERS  COLLEGE,  COLUMBIA  UNIVERSITY 

1  Show  by  milvoltmeter  and  wire   rectangle   how  alternating 

current   is   produced.     Using   four   dry   cells   on   the   field 
coils — 5.5  volts,  I  ampere. 

2  Convert  this  into  direct  current  by  commutator. 

3  Show  that  an  alternating  current  is  produced  when  the  arma- 

ture revolves  in  a  field  having  only  residual  magnetism. 
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4  Ring  a  bell  and  light  a  lamp  with  the  alternating  current  pro- 

duced by  a  magneto.    Lamp  requiring  i o  volts  and .  i  ampere. 

5  Light  a  lamp  and  operate  a  telephone  receiver  by  the  alter-? 

nating  current  which  is  produced  in  the  magnet  of  an 
ordinary  clatter  bell  when  nmg  by  a  direct  current. 

6  Send  no  volt  alternating  current  through  loo  inches  of  no. 

24  iron  wire  without  other  resistance,  to  show  expansion 
by  heat;  to  teach  coefficient  of  expansion;  to  show  resis- 
tance increased  by  heat  from  1.5  ohms  to  14  ohms.  File 
a  spot  to  show  increased  resistance  and  increased  illumina- 
tion with  apparent  increase  in  size.     Fuses.     Welding. 

7  The  study  of  electric  measurements  with  the  alternating  cur- 

rent by  means  of  incandescent  lamps. 

,         ,,  no  volts 

16  candle  power,  .5  ampere  = 

220  ohms 

55  watts,  3.5  watts  to  i  candle  power. 

no  volts 


32  candle  power,  i  ampere  = 


no  amperes 
no  watts,  3.5  watts  to  i  candle  power. 

8  Show  arc  light  nm  with  10  amperes  of  no  volt  alternating 

current. 

9  Show  telegraph  sounder  operated  by  one  ampere  of  no  volt 

alternating  current. 

10  Show  clatter  bell  operated  by  half  an  ampere  of  no  volt 

alternating  current;  connected  as  a  single  stroke  bell  but 
operating  as  a  clatter  bell.  Ring  magneto  bell  with  no  volt 
alternating  current. 

11  Show  a  homemade  motor  run  by  one  ampere  of  no  volt  alter- 

nating current. 

12  Run  electric  fan  and  electric  car  by  alternating  current. 

13  Operate    Ruhmkorff's    coil    by    alternating    current    on  the 

primary. 

Transforming  the  voltage  of  the  alternating  current 

14  Light  two  20  volt  lamps  each  requiring  one  ampere  by  send- 

ing I  ampere  of  no  volt  alternating  current  through  ring 
transformer,  no  watts  reduced  to  40  watts,  and  32  candle 
power  reduced  to   12   candle  power. 

15  Light  one  240  volt  lamp  requiring  one  quarter  of  an  ampere 

by  sending  i  ampere  of  no  volt  alternating  current  through 
ring  transformer,  no  watts  reduced  to  60  watts,  and  33 
candle  power  to  16  candle  power. 
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16  Light  a  10  volt  .i  ampere  lamp  by  sending  no  volt  alternating 

current  through  transformer. 

17  Light  a  3  volt  .5  ampere  lamp  by  transforming  no  volt  A.  C. 

18  Run  toy  motor  by  reducing  voltage  of  no  volt  A.  C. 

19  Operate  ordinary  bell  by  reducing  voltage  of  no  volt  A.  C. 
20-  Operate  telephone  receiver  on  the  secondary  coil  with  no  volt 

A.  C.  on  the  primary  coil. 
21     Operate  magneto  bell  on  the  secondary  coil  with  no  volt  A.  C. 

on  the  primary  coil. 
i22     Illustrate  stepping  up  the  alternating  current  for  long  distance 

transmission  and  stepping  it  down  again  for  use. 

Transforming  the  alternating  current  into  direct  current 

23     Describe    the    Chtircher    chemical    rectifier.     Some    results 
obtained  from  it  are  shown  in  the  following  table: 

UPPER  COIL 

Ohms  Volts                                  Amperes  Watts 

'  oc 15   O .  . O  ^ 

ioo 10   .1 I 

19   7.5-  • 4 3 

14  7   5 3.5 

6 6 I   6 

2.5 5   2   10 

1.6 ....:..   5  3  ........       15 

1 4   4   16 

.7 3.5 '•   5 17. 5 

.6 3.5 6   21 

.4 3   7   21 

.2..' 2 lo   21 

LOWER  COIL 
Ohms                                       Volts                               Amperes  Watts 

oc 67 o O 

600 .   60   .1 6 

215 43   -2 8.6 

80 40 .5 20 

30  •••  .  3S.  •  •   ;^-2 42 

15 31   2   62 

9   :•   26   3   78 

6  ••24  4 .  96 

.  4.2 21 5  105 

3.6 20  6  120 

2.6 ..^?.  ••.  7  126 

2   16  8 128 
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Ohms  Volts  Amperes  Watts 

1-7 IS     9     13s 

1.3 13     10     130 

.9 10     II      no 

.7 8 12      96 

•S 7     13      91 

.3 S     M     70 

.2 3     15     45 

In  the  following  8  experiments,  no  volt  alternating  current 
is  sent  into  the  rectifier  and  a  direct  current  is  produced 
as  specified  in  each  case. 

24  Light  direct  from  lower  coil  a  lamp  whose  characteristics  are: 

50  volts,  100  ohms,  .5  ampere,  25  watts,  7  candle  power. 

25  Light  a  group  of  5  lamps  in  parallel  from  lower  coil:  20  volts, 

4  ohms,  5  amperes,  100  watts,  30  candle  power. 

26  Light  from  upper  coil  miniature  lamp.     10  volts,  100  ohms,  .1 

ampere,  i  watt,  .25  candle  power. 

27  Light  from  upper  coil  by  adding   7    ohms    miniattire  lamp. 

3 . 5  volts,  7  ohms,  .  5  ampere,  1.75  watts,   . 5  candle  power. 

28  Rim  small  motor  i  volt,  i  ohm,  .  i  ampere,  i  watt,  by  adding 

5  ohms  and  connecting  to  upper  coil. 

29  Bell:  I  volt,  6  ohms,  .25  ampere,  .25  watt. 

Add  6  ohms  in  shunt  with  bell  and  control  by  11  ohms  in 
series  with  bell.     Connect  with  upper  coil. 

30  Deposit  copper  from  copper  sulphate  solution  by  connecting 

with  upper  coil.     5  volts,  2  amperes. 

31  Using  this  copper  sulphate  cell  as  a  storage  battery,  show 

that  it  will  ring  a  bell. 

32  Describe   the    Evans    A.    C.    motor — D.    C.    dynamo.     Some 

results  obtained  from  it  are  shown  in  the  following  table: 

Ohms                                        Volts                            Amperes  Watts 

OC        22        O        O 

21   21   I   21 

10   20   2   40 

7   20  3  60 

5  19  4  76 

4   19  5  95 

3   18  6  108 

2.5 18  7  126 

2   18  8  144 

1.5 15  10  150 

.3 5  15  75 

.1 2  18  36 
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33  Light  a  group  of  5  lamps 

20  volt,  4  ohms,  5  amperes,  100  watts. 

This  machine  will  run  on  no  volts  D.  C.  and  furnish  20 

volts  either  D.  C.  or  A.  C. :  will  nm  on  12  volts  D.  C.  furnishing 

20  volts  D.  C.  or  A.  C. ;  and 

Will  nm  on  no  volt  A.  C,  furnishing  20  volt  D.  C.  or  A.  C. 

with  such  variations  as  are  shown  in  the  table  above. 

34  Show  how  to  get  any  voltage,  from  i  to  20,  on  very  small  cur- 

rent,  for  ringing  bells,  electroplating,  etc. 

Section  B— BIOLOGY 

SETTLED  AND  UNSETTLED  PROBLEMS  IN  mOH  SCHOOL  BIOLOGY 
BY    WAYLAND    M.     CHESTER,    COLGATE     UNIVERSITY,     HAMILTON 

What  may  the  teacher  consider  as  settled  among  the  questions 
that  appear  when  he  attempts  to  plan  his  course?  What,  judging 
from  our  educational  literature  and  the  practice  of  our  best  teachers, 
may  be  beyond  discussion,  or  in  the  local  conditions  of  the  State, 
be  taken  for  the  present  as  agreed  upon?  Among  the  questions 
still  unsettled,  what  are  the  present  most  vital  problems?  In 
such  unsettled  problems,  do  we  differ  in  principles,  or  are  there 
principles  upon  which  we  agree,  but  whose  influence  in  individual 
courses  may  be  so  different  that  discussion  and  experiment  must 
still  be  used  to  prove  the  procedure  wise  or  unwise? 

The  teacher's  problems  depend  upon  the  aim  of  his  teaching, 
and  in  such  aim  for  biology,  to  a  large  extent,  there  is  agreement 
among  educators.  The  agreement  would  consist  in  this,  that  the 
teacher's  aim  should  be  to  inculcate  strength  and  culture,  by  dis- 
cipline in  the  habit  or  spirit  of  the  scientific  method,  through 
information  that  has  been  classified  as  esthetic,  moral,  practical, 
and  intellectual. 

Recall  the  well  known  steps  of  the  scientific  method  of  thought 
in  order  to  make  it  clear  at  the  start  just  what  it  is  we  think  our 
student  should  gain  in  discipline.  It  involves  (i)  observation,  or 
observation  with  experiment  or  analysis,  (2)  generalization  from 
such  observation,  (3)  deduction  or  hypothesis  from  the  generaliza- 
tion, and  (4)  experiment  or  observation  to  prove  such  deduction 
true  or  false.  Our  science  should  contribute  with  the  other  sciences 
toward  the  training  of  these  mental  processes  involved  in  observ- 
ing, analyzing,  comparing,  judging,  constructing,  and  proving 
until  the  student  shall  have  in  the  final  total,  as  nearly  as  possible, 
the  habitual  attitude  of  seeing  and  expressing  accurately  and  clearly 
the  steps  in  the  process  of  thought  and  the  sequence  of  the  steps ; 
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and  shall  have  an  independent  initiative  in  each  step  and  a  conr 
scious  acciiracy  of  result.  The  teacher  aims  in  the  time  he  has 
the  student  to  do  a  part  toward  molding  a  mind,  accurate  in  seeing 
and  open  to  truth,  an  attitude  expressed  by  a  late  writer  as  *'a 
ready  exposure  of  the  mind  to  new  evidence,**  a  mind  alert,  patient, 
independent,  and  self-directing.  This  aim  means  the  training  of 
mental  processes  which  develop  in  the  child  and  are  always  active 
in  the  man  and  which  the  man  trained  and  imtrained  will  follow; 
but  which  in  the  trained  mind  may  lead  away  from  uncertainty, 
but  without  discipline  toward  inaccuracy,  the  following  of  wrong 
guides,  or  toward  prejudice,  folly,  or  superstition. 

As  to  just  how  far  or  how  much  we  should  contribute  toward 
this  result,  I  think  the  rank  and  file  of  our  teachers  would  not 
agree  in  practice.  There  is  a  general  feeling,  representing  some 
truth,  that  our  science  is  preeminently  valuable  for  training  in 
the  processes  of  observation  or  classification  and  that  other  sciences 
are  emphatically  valuable  for  other  processes;  and  occasionally  a 
ringing  voice  in  the  field  of  either  science  will  give  expression  to 
just  that.  It  must  be  further  seen  that  if  we  succeed  in  contribut- 
ing in  making  the  pupil  an  accurate  observer  and  an  observer 
open-minded  and  demanding  accuracy;  or  if  we  can  train  the 
mental  processes  involved  in  distinguishing  the  essential  from  the 
unessential  and  in  generalization,  we  are  accomplishing  what  will 
be  of  untold  value  to  the  man.  At  the  same  time  our  science, 
and  probably  the  other  sciences  as  well,  have  the  possibilities  of 
aiding  in  training  in  the  other  steps  of  the  method  and  the  sequence 
of  them;  and  the  teacher  does  not  have  the  highest  ideal  of  the 
possibilities  of  his  science  as  an  instnmient  until  he  sees  and  appre  - 
ciates  this  fact.  Shall  I  try  to  any  extent  to  discipline  all  the  pro- 
cesses involved  in  the  scientific  method,  in  the  sequence  of  them, 
becomes  a  first  large  question  for  the  teacher,  which  will  surely 
make  a  difference  in  his  planning.  Nearly  every  recent  writer 
who  is  a  biologist  has  emphasized  the  need  of  giving  the  student 
some  problems  that  shall  involve  more  than  observation  or  classi- 
fication if  not  the  whole  method.  Coulter  for  botany  says  recently 
"Beyond  analysis  lies  synthesis,  and  this  certainly  represents  the 
ultimate  purpose  of  science.  The  results  of  analysis  are  as  barren 
as  a  bank  of  sand  until  synthesis  lays  hold  of  them.  It  is  just 
here  that  a  large  amount  of  science  teaching  fails,  for  to  many 
teachers  the  accumulation  of  unrelated  facts  seems  to  be  the  end 
of  scientific  study,  and  the  results  of  the  laboratory  may  be  repre- 
sented by  a  chaotic  pile  of  brick  rather  than  some  definite  structure 
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dominated  by  an  idea.  Almost  any  one  may  accimiulate  facts, 
but  to  relate  them,  to  distinguish  the  significant  and  the  insig- 
nificant, to  recognize  that  they  are  merely  external  expressions 
of  something  general  belongs  to  the  highest  stretches  of  scientific 
training.**  [J.  M.  Coulter.  School  Review,  Oct.  1904]  And  Bige- 
low  writes  **In  order  to  make  the  study  of  zoology  most  valuable 
as  discipline  in  the  scientific  method,  tHe  essential  processes  and 
their  relations  must  be  kept  constantly  in  mind  by  the  teacher 
who  directs  the  practical  studies;  and  it  should  be  the  constant 
aim  of  the  teacher  to  lead  the  pupils  to  apply  as  far  as  possible  the 
principles  of  the  scientific  method  in  discovering  truth  for  them- 
selves. "[M.  A.  Bigelow  in  The  Teaching  of  Biology]  The  teacher's 
aim  should  be  then  to  train  the  processes  of  mind  in  the  scientific 
method  of  thought,  in  not  one  step  of  the  process  alone  but  to  a 
certain  extent  in  the  whole  sequence  of  them,  through  information 
that  is  esthetic,  moral,  practical,  and  intellectual  in  its  value; 
and  in  the  attempt  to  gain  this  result  some  problems  are  for  the 
time  being  settled  and  some  unsettled. 

I  The  problem  of  minimum  time,  which  is  (i)  a  problem  of  time 
necessary  to  give  good  values  in  the  subject  and  (2)  a  question  of 
correlation  between  the  sciences  of  biology  and  between  biology 
and  other  sciences  is  for  the  time  being  settled.  One  year  is  thought 
to  be  necessary  .for  good  results  in  any  science.  Following  the 
change  in  thought  that  gave  a  disciplinary  value  to  the  subjects 
and  the  advent  in  the  high  school  of  laboratory  work,  this  minimum 
time  of  one  year  was  first  required  by  the  colleges  for  entrance,  in 
which  botany  and  zoology  could  take  the  half  year,  though  it  was 
advised  that  one  or  the  other  be  given  the  full  year's  time.  There 
has  been  a  growing  wish  to  place  the  study  of  human  physiology, 
often  an  information  study,  on  a  disciplinary  basis  and  to  look  at 
it  from  the  biologic  standpoint.  There  has  further  been,  I  think, 
a  growing  wish  and  practice  to  present  zoology  and  botany  con- 
secutively. At  present  in  this  State  we  advise  a  year's  work  of 
botany  and  zoology  with  human  physiology  and  are  thereby 
covering  more  ground  in  the  year's  work  than  we  have  before 
expected.  I  do  not  however  feel  that  we  have  retrograded  since 
the  biology  of  man  belongs  with  zoology  and  since  human  physi- 
ology must  of  necessity  be  somewhat  better  taught  in  a  great 
many  schools.  A  doubt  that  the  year  is  not  long  enough  however 
may  be  the  reason  for  the  expression  of  the  opinion  that  an  extra 
course  in  a  later  year  be  given  where  it  is  expedient;  though  it  is 
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doubtful  if  we  can  ask  more  than  one  year  in  correlation  with 
other  sciences. 

2  The  place  in  the  course,  while  not  generally  agreed  upon  in 
other  states  is  for  the  time  being  settled  for  us  in  this  State  as  the 
first  year.  But  we  must  remember  that  our  experiment  in  botany, 
zoology  and  human  physiology  in  the  year  is  matched  by  a  half 
year  or  a  year  of  either  science  in  our  own  and  other  states,  and  of 
science  in  other  years  than  the  first;  and  the  result  may  later 
offer  interesting  comparisons. 

3  It  is  settled  that  laboratory  work  shall  contribute  a  large 
share  of  the  work  of  the  course.  The  use  of  such  work  in  biology 
in  the  high  school  is  comparatively  recent,  but  in  the  lo  years 
that  it  has  fairly  been  in  existence  with  us,  it  has  become  well 
nigh  universal,  and  is  a  point  insisted  upon  by  every  good  teacher. 
Of  course  there  are  still  found  some  schools  where  textbook 
courses  exist  as  there  are  schools  where  biology  is  taught  as  an 
adjunct,  but  with  us  the  courses  now  outlined  will  certainly  increase 
the  use  of  laboratory  method.  By  the  large  use  of  the  laboratory 
we  mean  the  aid  in  gaining  the  scientific  spirit  with  the  gain  of 
biologic  knowledge  by  the  large  use  of  personal,  accurate  obser- 
vation, personal  judgment  and  deduction  in  a  room  equipped  to 
aid  such  personal  work,  and  in  the  field  where  with  less  comfort 
but  with  the  natural  complex  environment,  the  student  may  still 
personally  gain  his  knowledge.  The  laboratory  is  an  instrument, 
like  the  appliances  used  there  for  making  knowledge  real,  whose 
successful  use  depends  on  its  manipulation  by  the  teacher. 

4  In  the  problems  related  to  the  contents  of  the  course  this 
much  is  agreed  upon — that  the  great  subdivisions,  morphology, 
classification,  physiology,  and  ecology  shall  be  represented.  This 
is  nearly  the  same  as  saying  that  the  demand  is  met  that  the 
teaching  shall  be  dominated  by  the  conception  of  the  animal  and 
plant  as  alive  and  doing  work;  of  physiology  interpreting  anatomy 
and  morphology,  of  structure  largely  explaining  the  method  by 
which  work  is  done,  and  of  classification  as  the  expression  of  much 
of  our  knowledge  of  forms. 

Now  a  tendency  should  be  noticed.  In  our  science  at  least,  the 
individual  teacher  is  left  free  to  plan  the  details  of  his  course  and 
guide  his  student,  and  his  individuality  and  force  are  trusted  to 
execute  in  the  way  to  gain  good  and  sure  training.  Variability 
in  the  material,  in  the  laboratory  equipment,  the  field  possibilities, 
and  even  for  the  present  in  the  teacher  himself,  is  recognized.  It 
is  true  that  our  high  school  teaching  of  biology  is  in  its  youth,  and 
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that  our  ideals  in  presentation  may  become  more  uniform  later. 
It  is  true  that  we  need  more  studies  as  object  lessons  in  the  pre- 
sentation of  individual  topics  to  insure  discipline  in  the  whole 
method  of  thought,  that  expert  judgment  will  be  needed  in  settling 
many  things  in  the  unsettled  problems ;  but  it  is  also  true  that  the 
settling  of  details  centers  in  the  individual  teacher  and  according 
as  he  appreciates  a  high  or  low  aim  for  his  instrument,  as  he  knows 
and  guides  his  pupil  and  as  he  handles  the  content  of  his  course, 
will  his  results  be  of  high  or  low  grade. 

5  One  important   unsettled  problem  is  the  relative  proportion 
of  the  subsciences  of  morphology,  classification,  physiology,  and 
ecology,  and  the  proportioning  of  the  groups  of  animals  and  plants 
in  a  one  year  course.     The  teacher  finds  at  hand  definite  expert 
opinion  of  relative  amoimts  in  a  whole  course  in  certain  standards. 
Among  these   are,  the   Regents  specifications   for  a   first   year's 
work,    the    College    Entrance    Board's    requirement    for    botany, 
approved  by  the  Regents  for  a  later  course,  and  a  college  entrance 
option  in  zoology  adopted  by  the  American  Society  of  Zoologists 
and  approved  as  a  later  New  York  State  course.     There  are  also 
other  statements  as  in  Lloyd  and  Bigelow's  Methods,  those  that 
have  been  presented  before  this  section,  and  the  college  entrance 
option  of  Harvard.     Most  of  the  recent  text  and  guide  books 
influence  in  proportioning,  though  usually  leave  the  matter  with 
the  teacher.     There   are   further  recent   statements   of  ideal   by 
Needham  [J.   G.   Needham.     Science,   19:650]  and   Hodge   [C.   F. 
Hodge.     Pedagogical  Seminary,  Sep.  1904].     These  standards,  if  we 
may  find  likenesses  among  so  many  diverse  characteristics,  divide 
themselves  roughly   into  three  groups,  according  as  a  few  types 
for  completer  study  in  emphasizing  structure  and  physiology  are 
used;  or  as  all  phases  of  each  subscience  are  given  proportionate 
treatment;  or  as  the  standard  is  confessedly  a  natural  history  or 
ecology  course.     Of  the  second  group,  some  of  which  will  partly 
guide  us  in  this  State,  the  outlines  for  a  complete  year's  work  in 
botany  alone  or  zoology  alone  are  notably  alike  in  the  principal 
topics   to   be   taught.     These   are,   elementary    classification   and 
exercises  in  classifying  as  part  of  the  generalization  work;  detailed 
structure  including  dissection  of  a  limited  number  of  forms   (nearly 
one  from  each  type) ;  the  physiology  of  these  in  animals  and  of  the 
organs  of  the  seed  plant ;  the  reproduction  and  life  history  of  the 
forms  studied;  the  ecology  of  forms  from  the  larger  groups  of  animals 
and  of  the  organs  of  the  seed  plant ;  but  when  botany  and  zoology 
cut  the  year  into  two  parts  the  problem  is  less  near  a  solution  if 
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wc  o\pcct   uv.ir'.imurv.     In   zoolt.^gy   the   reduction  most  notably 
incurs  111  -MIC  p»Miu.  i:i  tho  stutiy  ot  the  structure  and  physiology 
ot"  an   invcrtcbrirc  an«i  a   vertebrate,  and  the  courses  are  more 
lUMrlv  uniionTi .  hut  on  the  botany  side  there  is  choice  in  the  general 
pniTciplcs.  \vor!vc«l  vnir  most  otten  with  the  seed  plants  alone;  in 
tMc  iKituiMl  htsivirv  ot  the  groups;  an-l  in  a  course  including  both, 
\\  fMch  the  .u:v(va:cs  '.n  rhe  others  would  feel  was  not  educationally 
sii!vr!i>r  ov  c*|ua; 

V\w  '.ist  v;-«^i::'  <:^.vAs  an  outline  for  the  high  school  as  simply 
r.iiura!  f".>i:orv    .itl:  T\::rescn:s  the  extreme  tendency  toward  the 
iiNv-  ot  \.\w  aM'va!  as  al-.vt'  ani  the  use  of  practical  information. 
Vjim^.-  rvvv:':'\  a  laivr  bv  Hoolirc  IC.  F.  Hodge.    Pedagogical  Sent- 
.•»;.."  '. .  SvT    !  vv  i'  has  c!"v^.as:.:tu  this  tendency  in  a  \"ery  suggestive 
\\.i\  V^\K.-    ^.'••^h    s.iv.vl.    as   van:   of  the   public  school  system, 

N»!»'ii:j.    »M\t-   "N   .v^nrv^'s    joor..:inated  with   those  of  the  grades. 
Ih.'.fi    N,'«v»o:    !-o'.ov:^     '.:-;-.:cr   :his   view,   would  form  the  normal 
,....,|.\''o'!  .''  .V-'-cr.arv    ■.^ar-.irc  study  and  should  aim  to  fit  the 

,Mv.i!  »v.i«ivi'\   \\'-.>    i-'  vo:  sr-^.:v  tart  her  for  intelligent  citizenship 
PI  'Mi"-.»'i\    w-'-  '.v  \:vvs   ;:  "-.viv.;;  nature.     I  can  hope  only  to 
,"sM  I's-    "  N../VN  •■•       -.>■.>  ■.— vortan:  question  but  from  all  I  have 
'■..  M    i'.\-  !.•  .;i'."v    .•  :  -rS.   -•..>'.:•::  :::  the  past  fiw  years.  I  am 
...... I.  r'-v-  '    ■.  '   .v-*."  :  -o   r-a:   :>c   ':-ie   between  practical  nature 

....!,    I..  I  ...V  '.■.  .  1    ■..  .•  .>^-    >i>o-.--  i  Vc  .:ra wn  between  high  school 

,..  I  ^..■■^.  .,.  .  ^  •.^...  v:  A-.v*  :V  :vv:h  school  and  the  grades. 

\-.  !    !    -  iV.-  ■■■  -  ••*•> :•  :a.*    /-.srincc  reasons.    The  first  is 

....  .     .  ...s-    .^v  ..-.  •'.;:  -^afare  enoi^h  and  lack  the 

,.  .,x.  I  M  ■'••      •-    t  •  ■    "v  •■•c':a:  vcrsvvcti\-e  to  seme  thesignifi- 
-■■v.  "iv  other  reasoa  is  that  there 

■    ■■.•.•:^-.:     v-vAo;:^e.  now  nejteclad,  ^ikhit 
..    ■■      ^ -..liuable  to  tl«  m» 

..     ..■  ■:•     <-u:ii   body  of  » 

.     -.    I    v"oA:e04{e  ol  i 
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in  the  life  of  man.  And  such  drill  in  research  he  finds  practical  in 
high  schools  that  have  come  imder  his  observation.  '*  Every  living 
organism  represents  a  certain  force,  does  a  certain  amount  of  work. 
Determine  this  with  the  greatest  care  for  the  individual  and 
multiply  by  the  number  of  individuals  of  the  species  and  we  gain 
an  expression  for  the  power  of  a  species  as  a  whole.  We  learn 
the  species  not  merely  as  a  dead  form,  but  as  a  force  in  nature. 
And  further,  study  all  species  of  animals  from  this  point  of  view 
— or  for  practical  courses  select  dynamic  types — and  we  develop 
a  picture  of  nature  as  a  vast  stream  of  living  forces  acting  and 
reacting  upon  one  another,  a  picture  of  nature  as  it  lives,  moves, 
and  has  its  being;  and  we  gain  a  view  of  the  dynamic  process  of 
organic  evolution."  This  article  will  prove  inspiring  and  sugges- 
tive to  every  teacher  though  some  will  differ,  thinking  that,  while 
the  dynamic  standpoint  and  the  practical  information  are  very 
important,  we  should  yet  teach  our  science  as  a  science  and  aim 
to  give  as  wide  a  knowledge  of  the  subject  as  the  mind  of  the  child 
and  the  time  of  the  course  will  permit.  It  is  true  that  the  detailed 
course  suggested  in  one  article  for  the  first  year  of  the  college, 
ahhough  with  the  point  of  view  of  forms  as  dynamic  forces  doing 
s<Mnething  to  the  outside  world  and  for  themselves  is  a  most  logical, 
consistent,  and  balanced  whole  from  the  standpoint  of  the  science, 
that  except  in  detailed  methods  will  appeal  to  many  instructors; 
but  he  would  seem  to  limit  his  high  school  course  to  one  dominated 
by  the  fact  of  forms  working  on  external  nature  and  if  this  is  true 
make  it  partial  rather  than  synoptic  in  its  scope  and  to  do  it  mainly 
because  the  pupil  lacks  the  power  of  thought  and  mental  perspec- 
tive. 

There  are  certain  principles  some  or  all  of  which  have  been  kept 
in  mind  in  shaping  standards  or  ideals.  They  are  however  often 
opposed  to  each  other,  (i)  The  course  should  give  the  dynamic 
point  of  view  of  forms  as  alive,  which  may  mean  one  or  all  of  these 
tJiree  phafl» — the  form  doing  work  for  itself  in  its  specific  way, 
exening^  fw^  **■>  *^  Ota"  "  '*  world,  or  helping  or  hindering  the 
wort  of  '  E  '  rf^^ta^  1^  should  I >e  given  a  broad  view  of 
fl-  -    -^^  ^^  "         flHlHto    ^  ^  knowledge  of  organisms 

^  the  time  makes  possible, 
principles  demand  other- 
forms  as  higher  or  lower; 
it  of  for  study  a^  the  seed 
it  her;  that  these  and  each 
ecology,  and  classification 
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must  be  investigated  for  their  possibilities  in  training  and  infor- 
mation values.  This  principle  alone  means  a  course  thoroughly 
s>-noptic.  (3)  The  course  should  be  one  adapted  in  its  content  to 
the  needs  of  the  child  who  goes  from  the  high  school  to  his  life  in 
the  community.  **It  must  relate  the  pupil  to  his  most  common 
experiences/'  "It  must  be  in  the  long  run  orderly  and  progressive 
development  towards  fitness  for  the  activities  of  life"  are  late 
expressions  of  this  principle.  (4)  The  course  should  show  the 
characteristics  of  definiteness  and  thoroughness  for  training  in 
the  method  of  thought. 

For  discipline  in  the  method  of  thought,  through  knowledge  of 
forms  as  alive,  in  a  synoptic  course,  and  definite  and  thorough  in 
its  attempt,  each  composite  standard  of  the  second  group  is  an 
expert  attempt  to  combine  the  fundamental  principles  of  physiology 
and  ecology  in  actual  laboratory  and  field  work,  with  their  great 
value  in  experiment  and  reasoning,  in  giving  practical  knowledge, 
and  widening  the  intellectual  view;  of  morphology  as  a  basis  for 
the  study  of  the  other  divisions,  as  excellent  for  cultivating  exact, 
discriminating,  and  concentrated  observation,  with  minute  and 
internal  anatomy  enough  to  understand  the  principles  of  physi- 
ology and  structure  building ;  of  life  history  with  its  innate  interest, 
its  industrial  value,  and  its  aid  for  all  steps  of  scientific  reasoning; 
of  the  essential  facts  of  reproduction,  heredity,  and  variation;  and 
of  classification  as  needed  to  express  and  arrange  the  knowledge 
of  structure  gained  and  as  student  aid  in  the  ability  to  generalize. 
The  nature  study  and  natural  history  group  have  as  well  had  in 
mind  the  discipline,  with  live  forms,  in  a  thorough  course  adapted 
to  everyday  life;  and  the  outlines  are  in  some  cases  synoptic 
though  in  others  not,  but  in  all  reduce  the  study  of  one  or  more 
groups  or  subsciences  toward  a  minimum.  To  gain  a  knowledge 
of  the  different  groups  of  animals  and  plants  a  synoptic  course 
that  is  also  synoptic  in  the  divisions  of  the  science  is  hard  to  plan 
in  the  limited  time.  The  elimination  of  groups  is  often  made 
because  definiteness  and  thoroughness  seem  to  demand  a  stopping 
point  somewhere.  Our  first  group  courses  are  synoptic  in  the  use 
of  types  because  thoroughness  is  thought  to  be  hindered  by  the 
use  of  many  forms,  though  narrowness  of  impression  may  be 
incurred,  while  those  of  the  second  group  are  synoptic  with  refer- 
ence to  the  subsciences. 

6  The  order  of  material  in  a  course  will  be  found  (i)  from 
simple,  one  celled  forms  to  the  more  complex,  (2)  from  the  betteT 
known,  complex  forms  to  the  simple,  (3)  with  either  order  preceded 
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by  a  study  of  a  known  form  as  a  crayfish,  fern,  a  seed,  or  fruit. 
In  either  of  these  orders,  morphology,  physiology,  ecology,  and 
classification  have  been  studied  separately;  or  have  been  taken 
synthetically  with  the  forms  studied  or  with  the  seed,  root,  leaf,  and 
flower;  and  in  the  synthesis  morphology  or  physiology  have  been  in 
different  instances  the  starting  point.  All  the  orders  seem  to  have 
been  successful  with  different  teachers. 

7  The  relative  amount  of  verification  and  investigation,  and 
of  laboratory  and  textbook  work  offer  more  serious  problems  to 
the  teacher.  By  the  use  of  information  the  student  is  to  gain  in 
the  end  the  habit  of  independent,  self-reliant,  accurate  observation, 
and  the  ability  to  do  something  in  reasoning.  Remembering  that 
the  learning  of  these  will  require  much  drill,  can  we  initiate  the 
reasoning  process  best  by  leading  the  pupil  to  see  what  you  tell 
him  is  there,  or  by  g^ding  or  stimulating  let  him  find  for  himself? 
It  is  true  that  a  maximum  of  the  verification  method  is  used  by 
some  successful  teachers,  and  as  true  that  many  more  have  found 
by  experience  that  better  results  are  gotten  under  strict  g^dance 
by  the  boy  searching  for  himself  and  the  teacher  watching,  not 
to  tell  for  information's  sake  but  by  questioning  or  by  a  fact  perhaps 
leading  the  process  of  right  reasoning.  The  question  is  how  much 
shall  be  told  and  how  much  found  to  gain  the  greatest  power  to 
do  in  the  shortest  time?  And  the  answer  to  it  is  that  the  teacher 
shall  watch  the  student's  activity  rather  than  his  command  of 
knowledge,  and  guide  by  a  question  or  a  statement  that  shall  lead 
to  interest  and  to  independent  further  steps  in  the  process  of 
reasoning.  It  is  here,  in  the  formulating  questions  for  the  period 
and  in  watching  and  guiding  his  student  that  the  teacher's  indi- 
viduality and  originality  is  most  important.  In  ecology  particu- 
larly is  found  a  great  need  for  definite  guides  in  gaining  the  spirit 
of  the  method  of  thought. 

The  relative  amount  of  laboratory  and  textbook  work  is  a 
problem  of  the  same  character,  to  give  the  greatest  amount  of 
8UCoessful  training  with  practical  and  intellectual  knowledge  in 
the  shortest  time.  We  must  here  emphasize  the  need  of  using 
the  information  and  the  generalizations  of  authors  not  always  for 
their  knowledge  value  alone,  but  as  a  broader  basis  for  student 
generalization  and  as  an  aid  in  making  and  proving  hypotheses. 
We  rarely  appreciate  the  possibilities  of  literature  in  this  respect, 
or  successfully  adapt  it  toward  the  gaining  of  power.  Here  again 
the  teacher  is  the  chief  factor.  This  suggestion  has  greater  need 
of  emphasis  when  we  remember  that  the  tendency  to  gain  knowl- 
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edge  from  a  text  is  a  hardly  resisted  impulse  in  our  pupils,  and 
especially  in  the  problems  of  ecology  teachers  themselves  are  easily 
drawn  to  use  alone,  in  teaching,  well  written  books. 

8  The  economic  correlation  of  botany  and  zoology  offers,  in 
the  possibility  of  arrangement  other  than  that  of  consecutive 
wholes,  I  think,  a  problem  that  will  not  yet  appeal  to  most  teachers 
since  the  question  has  scarcely  been  raised.  Most  teachers  seem 
strongly  of  the  opinion  that  botany  and  zoology  should  be  kept  as 
separate  wholes  since  the  intermixing  of  plants  and  animals  may 
lead  to  confusion  and  the  two  lines  of  development  are  divergent. 
There  are  also  practical  reasons  in  some  places  where  students 
begin  biology  either  in  the  fall  or  in  midwinter.  But  the  fact 
that  the  same  principles  may  be  found  in  both  plant  and  animal 
phenomena,  together  with  the  fact  that  plants  and  animals  do  not 
lend  themselves  equally  to  laboratory  investigation  of  them,  leads 
me  to  think  that  there  is  a  present  problem  in  their  close  correlation 
that  needs  much  discussion  and  experiment.  Animals  do  not 
easily  adjust  themselves  to  the  study  of  the  fundamental  facts  of 
digestion,  respiration,  and  excretion,  and  plants  such  as  seedlings 
do,  while  animals  are  equally  valuable  for  the  study  of  irritability. 
The  external  facts  of  reproduction  are  illustrated  in  an  excellent 
way  in  plants.  Plants  and  animals  can  be  correlated  in  the  study 
of  food-getting  and  the  importance  of  photosynthesis  to  both 
groups  emphasized.  Organisms  are  built  of  similar  units.  They 
work  together,  helping  or  hindering.  Both  groups  of  them  are 
living  things,  showing  the  same  fundamental  phenomena,  and  we 
are  beginning  to  feel  they  should  be  studied  together;  but  we  keep 
them  separate  when  we  think  of  divergent  development,  although 
development  is  also  divergent  within  the  groups,  but  we  ought  to 
study  them  together  when  we  think  of  the  fundamental  ideas  and 
phenomena  they  exhibit. 

Section  C— EARTH  SCIENCE 

OPENING  OF  DISCUSSION  ON  SYLLABUS  IN  PHYSICAL  0E06RAPHY 
BY    CHARLES    NEWELL    COBB,    STATE    EDUCATION    DEPARTMENT 

It  seemed  necessary  in  the  preparation  of  a  syllabus  in  physical 
geography  to  bear  in  mind  the  following  aims : 

1  That  a  year  course  be  substituted  for  the  former  20  week  course. 

2  That  as  astronomy  and  geology  are  dropped  from  the  Academic 
Syllabus  such  parts  of  these  subjects  as  are  more  closely  related  to 
physical  geography  and  are  thought  more  suitable  for  students  in 
secondary  schools  be  included. 
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3  That  the  course  be  made  suitable  for  second  year  students  who 
wish  to  meet  the  requirements  of  the  College  Entrance  Board  and 
that  it  be  capable  of  expansion  to  satisfy  the  larger  demands  of 
more  mature  students  in  the  fourth  year. 

4  That  laboratory  and  field  work  be  made  an  integral  part  of  the 
course. 

As  greater  combined  experience  in  teaching  a  year  course  in  the 
subject  was  found  in  New  York  city  than  elsewhere  and  as  the  New 
York  city  teachers  of  the  subject  had  a  good  working  organization 
to  improve  this  teaching  it  seemed  wise  to  secure  ideas  and  material 
from  this  soiu"ce.     Their  assistance  was  accordingly  early  enlisted. 

Personal  consultations  were  also  secured  with  those  in  charge  of 
the  work  in  this  subject  at  Teachers  College,  Colgate  University, 
Cornell  University  and  Oswego  State  Normal  School,  gentlemen 
who  have  been  active  in  this  association.     Dr  Clarke  of  the  State  . 
Museum  also  gave  valuable  aid. 

As  the  result  of  these  efforts  most  valuable  material,  suggestions 
and  criticisms  were  secured. 

It  was  thought  better  to  group  the  laboratory  exercises  as  they 
have  not  been  so  thoroughly  tested  by  experience  and  are  considered 
not  so  well  digested  as  the  rest  of  the  syllabus. 

Much  suggested  material  is  omitted  and  some  not  suggested  is 
included.  The  order  of  arrangement  is  not  necessarily  the  best  but 
it  is  thought  to  be  good.  Kindly  criticisms  have  been  made  by 
those  well  prepared  to  criticize  and  counter  criticisms  have  come 
from  equally  high  authority.  The  writer  of  a  letter  recently 
received  believes  that  too  much  matter  is  included,  mentions  a 
single  item  that  he  thinks  might  be  dropped  and  wishes  a  half 
dozen  added. 

Finally  that  which  is  of  value  in  the  syllabus  may  be  largely 
credited  to  those  who  have  so  unselfishly  cooperated  in  its  pro- 
duction, while  if  anything  is  omitted  that  shou'd  be  included,  or 
included  that  should  be  omitted,  or  if  the  arrangement  is  not  so 
good  as  it  should  be,  the  fault  may  be  charged  against  the  speaker. 

NEBULAR  AHD  PLANBTESIMAL  HYPOTHESES  TO  ACCOUNT  FOR  THE  ORIGIN  OF  THE 

EARTH 

BY    T.    C.    HOPKINS,    SYRACUSE    UNIVERSITY 

The  nebular  hypothesis  as  formulated  by  Laplace  assumes  that  at 
one  time  the  material  of  the  sun,  planets,  and  all  the  other  members 
of  the  solar  system  existed  in  the  form  of  a  highly  heated,  attenuated 
gas,  filling  all  the  space  now  occupied  by  the  solar  system  from  the 
center  of  the  present  sun  out  to  and  beyond  the  orbit  of  Neptune. 
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Acting  under  the  force  of  gravity  this  material  began  to  contract 
and  rotate  as  it  cooled.  The  rotation  would  cause  a  flattening  at 
the  poles  and  a  bulging  at  the  equator  imtil,  it  is  assumed,  the  cen- 
trifugal force  would  cause  the  separation  of  a  ring  of  nebulous  matter 
at  the  equator  similar  in  form  to  the  ring  surrounding  Saturn  at  the 
present  time.  It  is  assimied  that  the  ring  would  finally  break  up 
and  collect  into  a  globular  mass  rotating  on  its  axis  and,  at  the  same 
time,  revolving  arotmd  the  central  mass. 

It  is  held  that  the  smaller  mass  wotdd  in  the  course  of  time  throw 
off  one  or  more  rings  similar  to  the  first,  which  in  turn  would  break 
up  and  form  smaller  bodies  revolving  about  the  larger  mass  and 
corresponding  to  the  satellites;  the  larger  mass  first  thrown  off 
forming  the  outer  planet  Nepttme. 

As  the  main  central  mass  continued  to  contract,  it  is  held  that 
it  would  throw  off  other  rings  which  would  form  the  other  planets 
and  their  satellites  in  the  same  way ;  Mercury  being  the  last  to  form, 
and  the  sun  being  the  remnant  of  the  original  mass  which  is  still  in 
process  of  contraction  and  cooling. 

The  nebular  hypothesis,  with  some  modifications  of  the  pre- 
ceding outline,  has  been  stated  and  advocated  by  Kant,  Herschel, 
and  others,  at  different  times,  and  in  some  of  its  varied  forms 
has  been  pretty  generally  accepted  as  the  best  explanation  that 
has  been  offered  for  the  origin  of  the  earth  and  the  other  mem- 
bers of  the  solar  system.  There  have  been  objections  raised  to 
this  explanation,  but  it  seems  to  explain  so  many  things  and  is 
such  a  bold  conception  that  it  has  held  a  prominent  place  in  scien- 
tific literature  since  its  first  inception. 

Some  of  the  prominent  physical  and  astronomical  objections  to 
this  hypothesis  are : 

1  The  great  inclination  of  some  of  the  orbits  in  the  system. 
One  of  the  strong  arguments  in  favor  of  the  hypothesis  is  that 
all  the  bodies  revolve  and  rotate  in  or  near  the  same  plane.  Yet 
Neptune's  satellite  has  its  orbit  inclined  35  degrees  and  those  of 
Uranus  have  either  backward  motions  or  the  anomalous  inclina- 
tion of  97  degrees. 

2  There  is  a  decided  lack  of  uniformity  and  system  in  the  dis- 
tribution of  the  masses,  densities,  and  moments  of  momentum 
that  would  seemingly  be  required.  Jupiter  alone,  it  is  stated, 
took  95%  of  the  moment  of  momentum  of  the  nebular  mass  at 
the  time  of  its  formation. 

3  There  is  a  wide  variation  in  the  rates  of  revolution  that  is 
not    satisfactorily    accounted    for.     The    inner    satellite    of    Mars 
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revolves  three  times  as  fast  as  the  planet  rotates,  while  oiir  satel- 
lite, the  moon,  revolves  only  ?V  as  fast  as  its  planet. 

4  The  high  molecular  velocities  of  the  lighter  gases  would 
apparently  cause  them  to  escape  from  the  rings  postulated  by 
the  theory. 

5  The  rarity  of  the  original  nebula  would  be  g^ooooooo  of 
that  of  average  air,  and  it  would  seem  that  there  should  be  a  con- 
tinuous throwing  off  of  gas  particles  instead  of  the  separation  of 
a  ring  of  matter. 

6  Even  if  a  ring  were  formed,  some  mathematicians  claim  that 
it  would  not  collect  directly  into  a  globular  mass. 

7  The  hypothesis  is  not  in  accord  with  the  requirements  of  the 
law  of  constancy  of  moment  of  momentiun  which  is  a  fundamental 
principle  in  the  hypothesis  itself;  nor  are  the  ratios  of  mass  and 
momentiun  consistent. 

8  The  ninth  satelUte  of  Saturn,  recently  discovered,  revolves 
backwards  while  the  eight  inner  ones  revolve  forward. 

Objections  7  and  8  are  very  grave,  if  not  altogether  fatal. 
Beside  these  physical  objections  there  are  a  ntimber  of  geologic 
objections,  some  of  which  are: 

9  The  continental  land  masses  and  the  deep  ocean  basins  are 
not  satisfactorily  accounted  for  on  this  hypothesis. 

10  The  continued  imiformity  of  the  atmosphere  is  difficult  to 
explain. 

11  The  high  development  of  life  in  the  earliest  fossiliferous  rocks 
indicates  a  very  long  period  of  time  preceding  their  formation  in 
which  conditions  for  life  must  have  been  possible,  a  longer  period 
of  time  than  the  hypothesis  apparently  warrants. 

The  aggregate  of  the  difficulties  involved  in  this  hypothesis, 
which  have  been  tacitly  overlooked,  instead  of  satisfactorily  ex- 
plained, led  Professor  Chamberlin  first  to  try  to  develop  the  meteor- 
itic  hypothesis  into  a  satisfactory  working  form  and,  failing  in 
this,  to  develop  the  planetesimal  hypothesis,  which  departs  radi- 
cally from  all  gaseous  and  meteoritic  hypotheses. 

The  planetesimal  hypothesis  assimies  that  the  solar  system  was 
derived  from  a  spiral  nebula  which  is  supposed  to  have  been  formed 
by  explosive  protuberances  from  an  ancestral  sun  imder  the  influ- 
ence of  another  sim  or  large  body  passing  near  it.  The  knots  of 
the  spiral  nebula  are  assumed  to  have  constituted  the  nuclei  of 
the  planets  and  satellites,  while  the  more  dispersed  matter  (which 
was  gaseous  when  shot  forth  from  the  ancestral  sun  and  later 
cooled  to  minute  bodies)  was  in  time  gathered  to  the  nuclei  to  form 
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the  planets.  These  dispersed  particles,  together  with  the  nuclei, 
are  assumed  to  have  revolved  around  the  sun  in  elliptic  orbits, 
like  the  planets,  from  the  time  of  the  formation  of  the  spiral  nebula 
onwards,  and  hence  they  are  called  planetesimals.  The  dynamic 
organization  is  thus  supposed  to  have  been  radically  different 
from  that  of  the  gaseous  or  meteoritic  nebulae  postulated  as  the 
origin  of  the  solar  system  under  the  two  preceding  hypotheses. 

The  growth  of  the  earth  under  the  planetesimal  hypothesis 
consisted  in  the  gathering  in  of  the  planetesimals  very  slowly  by 
the  conjunction  of  their  orbits  with  that  of  the  earth  nucleus.  While 
much  heat  would  be  generated  by  the  collision  of  the  planetesimals 
with  the  earth  nucleus,  it  is  assimied  that  this  wotild  be  largely 
lost  by  radiation  during  the  slow  process  of  accretion,  and  hence 
that  the  earth  was  probably  solid  at  all  stages  of  growth.  The 
internal  heat  of  the  earth  is  referred  chiefly  to  compression  under 
.gravity  as  it  grew,  and  subordinately  to  the  heat  of  impact,  mole- 
cular combination,  radioactive  processes,  etc.  Under  this  hypoth- 
esis much  gaseous  material  is  assumed  to  hiave  been  carried  into 
the  body  of  the  earth  and  occluded  in  the  planetesimals.  This 
has  been  coming  forth  by  volcanic  and  other  action  ever  since 
and  feeding  the  atmosphere,  and  thus  maintaining  an  approximate 
uniformity,  for,  if  at  any  time  the  supply  exceeded  the  usual  rate 
of  consumption,  this  rate  would  be  accelerated,  and  the  loss  of 
atmospheric  molecules  to  external  space  would  probably  also  be 
accelerated. 

Under  this  hypothesis  the  continental  platforms  and  oceanic 
basins  find  an  easy  and  natural  explanation.  Under  it  also  it 
was  possible  for  life  to  have  been  introduced  long  before  the  growth 
ceased  and  thus  the  high  state  of  development  of  life  at  the  time 
Cambrian  sedimentation  began  is  explained.  Many  other  geologic 
diflficulties  find  ready  explanation  under  this  hypothesis. 

Unless  further  investigation  shall  show  some  radical  defect  in 
the  planetesimal  hypothesis,  it  is  likely  to  prove  more  acceptable 
to  the  working  geologist  than  the  older  hypotheses. 
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Section  D— MATHEMATICS 
Joint  session  with  section  A 

SECTION  MEETINGS 
Thursday  morning,  December  28 

Section  A— PHYSICS  AND  CHEMISTRY 

THE  TBACHIH6  OF  CHEMISTRY  IN  THE  SECOIIDARY  SCHOOLS:  A  STUDY  OF  RECENT 
PRACTICE  AND  RESULTS 

BY  WILLIAM    C.  GEER,  CORNELL    UNIVERSITY 

I    Introduction 

Dtiring  the  past  few  years  there  have  appeared  in  the  educational 
periodicals  a  number  of  articles  on  the  course  in  chemistry  which 
should  be  given  in  the  secondary  schools.  In  1900  a  committee 
of  the  New  York  State  Science  Teachers  Association  obtained 
the  opinions  of  many  teachers  in  the  State,  outlined  a  course  and 
suggested  methods  df  teaching.  These  proposed  courses  set,  let 
us  say,  the  standards.  It  is  interesting  now  to  observe,  in  a 
comparative  manner,  the  prevailing  practice  and  determine  the 
results. 

In  the  fall  of  1904  it  was  my  pleasure  to  read  the  chemistry 
notebooks  which  were  presented  for  entrance  to  Cornell  Univer- 
sity as  part  of  the  necessary  credentials,  by  those  who  entered 
without  examination.  Accompanying  each  notebook  was  a  card 
upon  which  was  written  certain  facts  about  the  course  which  the 
student  had  pursued.  These  facts  were  necessary  in  order  to 
know  of  the  nature  and  extent  of  that  course. 

Dtuing  the  study  of  these  books  and  data  it  became  evident 
that  this  was  the  best  possible  way,  short  of  an  actual  visitation, 
to  learn  the  methods  and  results  of  secondar>^  school  work.  Here 
were  the  credentials  which  the  teachers  and  students  were  willing 
to  have  reviewed  as  evidence  of  the  quality  and  quantity  of  their 
work.  Yet  it  was  not  specially  done,  as  for  an  exposition,  but 
represented  the  honest,  faithful,  daily  work  of  both  student  and 
teacher  tmder  ordinary  conditions. 

The  data  gathered  in  1904  were  amplified  by  those  from  the 
credentials  of  1905,  the  whole  classified  and  rearranged  and  this 
paper  written  after  the  two  years'  investigation. 

No  attempt  was  made  to  arrange  the  subject-matter  presented 
in  the  different  schools,  for  that  offered  no  especially  interesting 
featiu*es  which  were  not  more  or  less  common  to  all  the  courses. 
The  time  spent  on  the  laboratory  work,  the  character  of  the  record 
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of  the  experiments,  the  habits  of  thought  of  the  students  and 
the  quantitative  experiments  showed  such  remarkable  diversity 
that  these  topics  were  made  the  important  considerations  in 
the  classification. 

Therefore,  this  paper  will  include,  first,  a  study  of  the  time 
spent  in  laboratory  work,  recitations  and  lectures;  second,  the 
different  methods  of  recording  the  results  of  the  experiments; 
third,  the  literary  character  of  the  record;  fourth,  the  scientific 
character  of  the  record;  fifth,  the  results  of  certain  special  fea- 
tures of  the  coiu*se,  viz,  the  quantitative  experiments;  sixth, 
some  suggestions  and  observations  as  a  natural  outcome  of  the 
study.  Photographs  of  pages  of  notebooks  will  be  used  as  illus- 
trations, although  in  no  case  will  the  name  of  any  school  be  di- 
vulged. 

The  schools,  from  which  notebooks  were  received,  may  be 
classified  as  follows: 

a      SCHOOLS    IN    NEW    YORK   STATE 

Public  schools 83 

Private  schools 23 

Total 106 

b      SCHOOLS    OUTSIDE    NEW    YORK   STATE 

Public  schools 76 

Private  schools 31 

Total 107 

Total 213 

The  total  nimiber  of  notebooks  read  was  485. 

2    Time  spent  on  chemistry 

Perhaps  the  best  starting  point  in  this  discussion  is  a  considera- 
tion of  the  amount  of  time  spent  in  the  study  of  chemistry.  In 
general,  three  standards  may  influence  the  teachers  of  New  York 
State.  First,  the  report  of  the  Committee  of  Nine,*  in  which  it 
is  stated  that  the  laboratory  work  should  comprise  at  least  io8 
hours  all  told,  divided  into  periods  of  ij  hours  each  and  two 
periods  per  week;  the  recitations  should  occupy  two  45  minute 
periods  per  week;  and  the  instructor  should  give  one  experimental 
lecture  per  week. 

*  University  of  the  State  of  New  York,  High  School  Bulletin  7.  1900.     p.7i4. 
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The  second  standard  is  that  of  the  New  York  State  Education 
Department.  In  the  Syllabus  of  I9oo^  which  prevailed  at  the 
time  the  notebooks  here  reviewed  were  written,  there  is  given  no 
definition  of  the  nimiber  of  hours  to  be  spent  in  recitation  or 
laboratory.  Therefore,  the  work  was  done  under  no  time  limita- 
tion. For  the  sake  of  comparison  with  the  other  standards,  it 
may  be  mentioned  in  this  connection  that  in  the  Syllabus  of  1905' 
the  Department  expects  of  its  teachers  "laboratory  work  con- 
sisting of  exercises  requiring  30  double  periods  of  work."  This 
reduces  to  45  hours  all  told  divided  into  periods  of  i  J  hours  each 
and  one  such  period  per  week.  Classroom  work  and  experimental 
lecttires  are  reqtiired,  although  no  niunber  is  mentioned. 

The  third  standard  is  that  of  the  College  Entrance  Examination 
Board.*  This  board  is  general  in  its  statements  but  places  the 
lower  limit  of  laboratory  work  at  40  exercises.  There  is  no  nu- 
merical definition  of  the  word  "exercise."  From  a  study  of  the 
60  exercises  listed  it  is  evident  that  at  least  ij  hours  are  neces- 
sary for  each.  The  minimum  requirement  of  the  board  may 
then  be  assimied  to  comprise  65  hours  all  told  divided  into  periods 
of  li  hours  each  and  a  few  more  than  one  per  week. 

There  can  be  no  doubt  that  other  standards  exist,  for  each 
college  interprets  these  requirements  according  to  its  own  ideas. 
Several  of  the  colleges  and  tmiversities  demand  of  their  entering 
students  a  preparation  entirely  independent  of  the  standards 
named.  Perhaps  the  difference  of  opinion  on  the  part  of  the 
leading  educators  may  serve  to  explain  the  wide  variance  in  their 
practice.  That  such  variance  exists  is  one  of  the  obvious  infer- 
ences from  this  study. 

Table  i  shows  in  what  per  cent  of  the  schools  the  work  was  done 
in  the  more  common  divisions  of  time.  The  data  are  arranged 
by  public  and  private  schools  as  the  natural  and  most  interesting 
classification,  and  since,  in  New  York  State  the  private  schools 
wotdd  probably  show  the  influence  of  the  College  Entrance  Ex- 
amination Board,  while  the  public  schools  would  be  more  apt  to 
show  the  influence  of  the  State  Education  Department,  or  the 
Committee  of  Nine  of  the  State  Science  Teachers  Association. 
From  the  tendency  of  the  public  schools  toward  the  shorter  hoiurs 
and  the  private  schools  toward  the  longer  it  would  seem  that 
these  boards  have  had  their  influence,  although  this  influence  has 
not  been  of  exceptional  strength. 

*  University  of  the  State  of  New  York,  Hijfh  School  Bulletin  8.  looo.     p.  117, 

'New  York  State  Education  Department,  Secondary  Education  Bulletin  27    1905.     p.Sa. 

'Doctunent  30.     1900.     p.29. 
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Table  i 
Time  spent  in  laboratory  work 


HOURS   IN   EACH   LABORATORY 
EXERCISS 


PERCENTAGE   OP   SCHOOLS 


SCHOOLS   IN   NEW 
YORK  STATE 


Public     Private     Total 


SCHOOLS   OUTSIDE 
NEW  YORK  STATE 


Public     Private  '    Total 


I.. 

li. 

2.  . 

3-. 


LABORATORY   EXERCISES    PER 
WEEK 


36.7 

22.8 

304 

8.8 

1-3 


14. 1 
37.2 

23.0 

12.8 

10.2 

2.7 


TOTAL   HOURS 
0-50 8.9 

5 1-80 1   24.0 

81-100 :  21.5 

1 01-120 19.0 

1 21-150 !    6.3 

1 5 1-300 j   20.3 


18.2 
27.3 

22.7 

31.8 

0.0 


18.2 
36.4 

31.8 
9.1 

45 
0.0 


9.1 
22.8 

4.5 
36.4 
13.6 
13.6 


32.7 
23.8 
28.7 
13.8 
1 .0 


15.0 
37.0 
25.0 
12.0 
9.0 
2.0 


8.9 
23.8 
17.8 
22.8 

7.9 
18.8 


31.6 
16.8 
26.3 
23.7 
2.6 


13-2 
32.9 
32.9 
II. 8 
9.2 
0.0 


2.6 
21. 1 
22.4 
22.4 

14.5 
17.0 


6.Q 
17.2 

37.9 

34.5 

3.5 


20.6 
27.6 
27.6 

6.9 
17.3 

0.0 


10.3 
IO-3 
IO-3 
IO-3 
27.6 
312 


24.8 
16.2 

29.5 

26.7 

2.8 


15.2 
31-4 
31-4 
ia.5 
"5 
0.0 


4.8 
18. 1 
19.0 
19.0 
18. 1 

21. 0 


In  spite  of  the  emphasis  which,  during  the  past  five  years,  has 
been  laid  upon  a  laboratory  period  of  ij  hours  in  length,  36.7 
per  cent  of  the  public  schools  of  New  York  State  still  conduct 
their  laboratory  work  in  45  minute  periods,  while  only  30.4  per 
cent  use  the  double  period.  In  the  public  schools  outside  the  State 
the  situation  is  practically  the  same. 

Less  than  the  double  period  (ij  hours)  is  used  in  New  York 
State  by  59.5  per  cent  of  the  public  schools,  45.5  per  cent  of  the 
private  schools  and  56.5  per  cent  of  all  the  schools  in  the  State. 
In  the  schools  outside  of  New  York  State  the  figures  are  still 
large,  for  of  the  public  schools  47.4,  of  the  private  schools  24.1 
and  of  all  the  schools  41  per  cent  use  less  than  the  double  period 

Nevertheless,  excepting  simple  test  tube  experiments,  the 
period  of  ij  hours  is  none  too  long  for  a  student  to  set  up  the 
^^pparatus  for  such  experiments  as  the  quantitative  experiments, 

'  preparation  of  the  acids,  etc.,  perform  the  work  thoughtfully, 
5  even  the  roughest  of  notes  and  take  down  and  put  away 
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the  apparatus.  The  majority  of  exercises  outlined  by  the  above 
mentioned  boards  can  not  satisfactorily  be  performed  in  less  than 
that  time.  Perhaps  some  will  say  that  they  are  using  the  short 
period  with  favorable  results.  Evidently  many  are  gaining 
restdts,  for  the  number  of  schools,  in  which  this  period  is  used, 
is  large.  But  the  boys  and  girls  are  driven  at  such  an  intense 
pace  that  their  thinking  ability  is  but  sHghtly  developed.  The 
work  in  chemical  laboratories  is  conducive  to  habits  of  quiet 
study.  Things  do  not  go  rapidly.  Attempts  to  rush  are 
usually  followed  by  disastrous  results.  One  does  not  observe 
ofiEhand  why  oxygen  is  evolved  from  potassitim  chlorate.  A 
little  thoughtfulness,  at  least,  is  necessary.  But  when  excessive 
speed  is  demanded  it  becomes  easy  to  form  the  habit  of  super- 
ficial thinking,  which  is  one  of  the  most  common  and  most  repre- 
hensible habits  formed  by  the  student  of  chemistry.  It  is  so 
easy  for  him  to  regard  his  chemical  work  as  the  mere  mixing  of 
so  much  **  stuff  *'  with  a  consequent  play  of  colors,  or  an  explosion. 

It  is  noticeable  that  the  shorter  periods  pertain  among  the 
public  schools  of  New  York  State  more  than  among  any  of  the 
other  classes  named. 

The  double  period  is  found  in  New  York  State  in  30.4  per  cent 
of  the  public  schools,  22.7  per  cent  of  the  private  schools  and  28.7 
per  cent  all  told.  Outside  New  York  State  the  figures  are  not 
mtich  different  except  with  the  private  schools  among  which  this 
period  is  employed  by  37.9  per  cent. 

The  longer  periods  are  found  more  frequently  among  the  pri- 
vate schools  than  the  public  schools,  31.8  and  34.7  per  cent,  respec- 
tively, finding  place  for  the  two  hour  period. 

In  the  second  part  of  table  i  it  is  seen  that  the  majority  of  schools 
favor  either  two  or  three  laboratory  periods  per  week.  In  some 
schools  there  is  only  one  period  and  in  a  very  few  as  many  as  five 
or  six  periods.  Two  periods  per  week  would  seem  to  be  sufficient 
to  give  all  desired  results. 

There  is  even  greater  diversity  in  the  total  number  of  hours 
spent  in  the  laboratory.  If  100  hours  be  taken  as  the  dividing 
line,  then  in  New  York  State  52.4  per  cent  of  the  public  schools 
spend  less  than  that  number  of  hours  on  the  laboratory  work. 
Outside  New  York  State  46.1  per  cent  spend  less  than  100  hoiurs 
in  the  laboratory.  Among  the  private  schools  the  figures  are 
36.4  and  30.9  per  cent  respectively.  More  time  is  spent  on  the 
work,  therefore,  outside  of,  than  in  New  York  State.  Judged 
according  to  the  standard  of  the  Committee  of  Nine  (108  hours). 
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the  above  figures  give  the  fraction  of  the  schools  which  do  not 
attain  to  that  standard. 

The  hours  from  151  to  300  may  be  excluded,  on  the  grotmd 
that  that  amount  of  time  is  unreasonable,  or  not  comparable  with 
the  standards  mentioned.  The  most  rational  hours  are  between 
loi  and  150  which  are  fotmd  in  New  York  State  in  25.3  per  cent 
of  the  public  schools^,  50  per  cent  of  the  private  schools  and  30.7 
per  cent  all  told;  and  outside  New  York  State  in  36.9  per  cent 
of  the  public,  37.9  per  cent  of  the  private  and  37.1  per  cent  of 
all  the  schools.  These  schools  meet  the  standard  of  the  Commit- 
tee of  Nine  and  exceed  that  of  the  College  Entrance  Examination 
Board. 

Judged  by  the  standard  of  the  New  York  State  Education 
Department,  the  public  schools  of  this  State  more  than  meet  the 
requirements,  since  all  but  6.9  per  cent  show  more  than  50  hours 
devoted  to  the  laboratory  work.  The  syllabus,  if  it  be  correctly 
interpreted,  sets  a  minimiun  standard.  To  accomplish  satisfac- 
tory results  in  a  laboratory  course  is  a  different  question.  As 
already  mentioned  this  minimiun  seems  altogether  too  low.  No 
student  can  derive  a  suitable  training  nor  gain  a  reasonable  knowl- 
edge of  the  experimental  part  of  the  subject  in  45  hoiu^  of  labora- 
tory work. 

The  College  Entrance  Examination  Board  and  the  Committee 
of  Nine  recommend  a  number  of  experimental  lectures  to  illus- 
trate laws  and  phenomena  which  demand  the  greater  experience 
of  the  instructor  for  their  successful  demonstration. 

In  table  2  it  may  be  observed  that  in  the  New  York  State  public 
schools,  to  the  extent  of  58.2  per  cent,  no  such  lecture  is  given, 
17.7  per  cent  show  from  26  to  40  lectures,  or  about  one  per  week. 
In  the  private  schools  22.8  per  cent  show  more  than  one  per 
week.  In  54.4  per  cent  of  the  schools  outside  New  York  State 
no  lecture  is  given. 
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Table  2 
Time  spent  in  classroom 


EXPERIMEKTAL  LECTURES 


PERCENTAGE  OF  SCHOOLS 


SCHOOLS  IN  NEW 
YORK  STATE 


SCHOOLS  OUTSIDE 
NEW  YORK  STATE 


Public     Private '    Total   j  Putlic     Private  i    Total 


O 

I-IO 

11-25 

26-40 

41-90 

RECITATIONS  PER  WEEK 

I 

2 

3 

4 

5 


58.2 
II. 4 
10.  I 

17.7 
2.6 


1-3 
10. 1 

36.9 
17.7 
34.0 


409  !  54.5 

4.5   !     9-9 
18.2 


13.6 
22.8 


45 
22.  7 
22.7 
273 
22.8 


II. 9 

16.8 

6.9 


2.0 
12.9 
33-8 
19.8 
31.5 


52.6 

;  9-2 

I  10.5 

I  19.7 

!  8.0 


10.5 
31.6 
25.0 
132 
19.7 


58.7 
13.8 
10.3 
6.9 
IO-3 


13.8 
I   20.6 

i   34-5 
17.2 

I    '3-9 


54.4 
10. S 
10. S 
16. a 

8.4 


I      11-4 

i      28.6 

27.6 

.      14-3 
I      18. X 


This  data  may  be  in  error  to  a  certain  degr^p,  for  some  of  the 
teachers  may  have  misunderstood  the  question.  However,  it  can, 
at  least,  be  stated  that  not  over  23.7  per  cent  of  the  public  schools 
in  New  York  State  and  24.6  per  cent  of  the  others  give  experi- 
mental lectures  as  often  as  once  a  week.  Further,  the  lecture  side 
of  the  course  in  45.5  and  45.6  per  cent,  respectively,  was  not  of 
sufficient  moment  to  make  any  serious  impression  upon  the  teacher. 

Evidently  the  experimental  lecture  is  not  popular.  The  full 
explanation  is  not  exactly  obvious  although  several  reasons  may 
be  assigned.  A  considerable  equipment  is  needed  for  lecture 
experimentation  and  this  equipment  is  expensive.  Then  again, 
the  teacher's  time  is  pretty  fully  occupied  with  routine  work  and 
little  or  no  opportunity  is  allowed  for  the  preparation  of  lectures. 
It  takes  time  to  successfully  prepare  the  apparatus  for  an  experi- 
mental lecture,  as  all  who  attempt  to  give  such  lectures  are  well 
aware.  Yet  this  is  a  fact  which  is  not  generally  appreciated,  for 
many  an  otherwise  ambitious  teacher  is  prevented  from  develop- 
ing his  course  because  he  is  required  to  be  on  duty  in  classroom 
or  study  hall  when  his  value  to  the  school  would  be  better  con- 
served if  that  time  were  spent  in  preparing  lectures  or  arranging 
the  laboratory. 

In  connection  with  the  study  of  the  data  about  the  experimental 
lectxire,  it  is  interesting  to  notice  that  where  the  lecture  was  weak 
the  recitation  was  strong.     In  34  per  cent  of  the  public  schools 
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of  New  York  State  there  are  5  recitations  per  week;  over  3  per 
week  in  51.7  per  cent;  and  3  recitations  in  36.9  per  cent.  In  all 
but  1 1.4  per  cent  there  are  over  2  per  week. 

The  data  from  the  private  schools  and  from  those  outside  New 
York  State  may  be  seen  in  the  table.  The  schools  outside  New 
York  State  seem  to  favor  few  recitations  and  incline  toward  2  and 
3  per  week. 

3    Method  of  recording  experiment 

The  method  of  recording  the  experiments  falls,  generally,  into 
four  classes.  In  many  schools  the  printed  manual  is  used  and  the 
student  is  allowed  to  write  his  record  on  the  page  opposite  the 
directions.  With  care  in  its  use  it  is  possible  to  gain  desirable 
results  with  this  kind  of  a  notebook,  but  the  tendency  is  to  record 
the  work  very  incompletely.  Usually  the  record  consists  of  per- 
functory answers  to  a  few  questions.  The  book  itself,  in  what- 
ever way  it  may  happen  to  be  printed,  is  of  no  moment  in  this 
discussion. 

The  second  method  of  writing  up  the  notebook  may  be  called 
the  tabulated  form.  The  various  headings,  under  which  the  stu- 
dent is  supposed  to  write  the  details  of  the  experiment  and  his 
conclusions,  are  written  out  or  printed  on  the  page  which  is  then 
ruled  in  rectangles  to  be  filled  in  as  the  experiment  proceeds. 
The  efforts  of  the  student  are  thereby  reduced  to  the  minimiun 
with  the  natuiral  result  that  he  does  little  work,  and  that  poorly. 
The  method  is  pernicious. 

The  topical  method  is  the  most  common.  The  record  is  divided 
into  the  headings — Apparatus,  Operations,  Results  and  Conclu- 
sions. It  differs  from  the  preceding  in  that  these  headings  are 
not  ruled  off  on  the  sheet  with  the  spaces  vertically  beneath,  but 
are  extended  along  the  page  in  paragraph  form.  There  are  various 
modifications  of  this  method.  If  not  closely  supervised  the  student 
easily  drifts  into  the  habit  of  using  stereotyped  phrases  under  the 
different  headings.  In  all  but  few  cases  the  notebooks  of  this 
form  were  not  of  a  high  order. 

The  fourth  method  is  unquestionably  the  best.  The  record  is 
written  as  a  clear  simple  report.  The  subdivisions  are  those  which 
the  natural  order  of  the  experiment  demands  and  are  the  para- 
graphs of  ordinary  English  writing.  Its  advantage  lies  in  the 
fact  that  the  student  is  obliged  to  think  connectedly  while  the 
report  is  written.  More  originality  of  expression  is  possible  and 
'he  emphasis  is  taken  from  the  operation  and  placed  upon  the 
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clear  exposition  of  the  phenomena  and  upon  the  reasoning.  Set 
expressions  are  avoided  and  the  teacher  may  render  more  assis- 
tance to  the  student  because  the  latter  expresses  himself  more 
naturally.     The  method  is  applied  in  several  schools. 

4    Literary  character  of  the  record 

The  writing  of  clear  correct  English  is  a  result  for  which  the 
laboratory  notebook  affords  an  excellent  training.  The  teacher 
of  chemistry  and  the  teacher  of  English  should  fully  support  each 
other.  Drill  in  the  application  of  a  rule  may  be  unpleasant  to  a 
student  but  with  a  little  care  on  the  part  of  the  teacher  the  same 
rule  may  become  an  unconscious  possession  and  be  used  in  the 
writing  of  an  interesting  experiment.  Teachers  of  English  are 
often  blamed  because  the  students  use  the  same  bad  English  after 
their  school  days  that  they  did  before.  It  must  not  be  forgotten 
that  the  responsibility  rests  equally  at  least  upon  the  teachers  of 
science  who  allow  the  use  of  expressions  which  were  never  learned 
in  the  classes  in  English.  If  the  one  teaches  the  theory  of  expres- 
sion it  is  the  duty  of  the  other  to  insist  upon  the  correct  practice. 

The  frequent  use  of  the  first  person  was  one  of  the  common 
characteristics  of  the  notebooks.  Students  are  often  urged  by 
the  teacher  to  use  that  form  of  expression.  Yet  it  scarcely  needs 
mention  that  they  are  thus  confirmed  in  a  habit  which  is  avoided 
in  all  good  writing.  The  substance,  or  the  observation,  may  easily 
be  made  the  subject  of  the  sentence.  It  may  require  more  effort 
at  first  to  teach  him  to  use  correct  expressions  but  he  will  thereby 
form  habits  of  lasting  value  instead  of  those  which  in  after  years 
will  need  changing.  The  use  of  the  first  person  in  laboratory  records 
should  vigorously  be  condemned. 

Simply  bad  English  was  all  too  common.  The  teachers  evidently 
spend  little  time  over  the  literary  character  of  the  reports.  The 
fully  written  record,  which  has  been  mentioned,  is  conducive  to 
the  use  of  good  English. 

5    Scientific  character  of  the  record 

The  subject-matter  of  the  record  will  not  be  discussed  here,  for 
it  is  outside  the  field  of  this  article.  The  efficiency  of  the  chemi- 
cal training,  however,  is  unmistakably  demonstrated  by  the  scien- 
tific character  of  the  record.  That  is,  the  reasoning  shown,  the 
pertinence  of  the  conclusions  and  the  general  quality  of  the  work 
show  how  well  the  student  is  trained. 
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Prominent  among  the  several  striking  features  of  the  notebooks 
examined  is  that  of  the  copying  of  directions  from  the  mantial  in 
place  of  writing  an  original  report.  This  fatdt  is  prevalent  in  the 
smaller  schools  where  the  apparatus  for  the  performance  of  the 
experiments  is  not  complete.  It  is  obvious  that  the  student  who 
is  allowed  to  record  his  work  thus  is  more  injured  than  helped  by 
the  study.  He  begins  the  habit  of  dishonesty  for  he  thus  offers 
as  his  own,  work  written  by  another. 

Often  an  equation  is  made  the  aim  and  conclusion  of  the  experi^ 
ment  with  no  semblance  of  connection  between  the  observations 
and  the  equation.  An  equation  has  undoubted  uses  but  shotdd 
never  be  written  by  a  beginner  except  after  a  full  explanation. 
Otherwise  wholly  erroneous  ideas  as  to  the  purpose  of  the  equation, 
are  inculcated. 

Among  all  the  notebooks  reviewed  the  most  recurrent  error  was 
the  perftmctory  writing  of  unsupported  conclusions.  An  experi- 
ment is  performed,  observations  made  and  conclusions  written 
out  but  no  sign  of  a  reason  to  show  how  that  particular  conclusion 
was  reached  from  the  observations  mentioned.  Since  a  conclusion 
is  demanded  the  student  follows  the  directions  and  **  concludes." 
Yet  to  render  conclusions  from  insufficient  data  is  to  form  one  of 
the  most  vicious  habits  that  can  be  formed.  In  preparing  methane, 
for  instance,  the  student  could  be  honest  with  himself  and  write 
a  fair  exposition  of  the  data  as  he  found  them  and  draw  only 
those  conclusions  which  are  supported  by  the  evidence.  If  it 
could  not  be  ascertained  that  the  gas  was  methane  except  from 
the  teacher  or  from  the  reference  work  it  would  be  far  better  to 
explain  the  experiment  thus  and  so  call  attention  to  the  presence 
of  incomplete  data.  Many  experiments  do  not  afford  the  data 
for  general  statements  and  it  is  well,  for  thereby  a  valuable  lesson 
in  judgment  may  be  learned.  When  the  teacher  allows  the  stu- 
dents to  use  superficial  and  stereotyped  conclusions  he  aids  in  the 
formation  of  habits  of  thinking  which  render  such  study  of  chemis- 
try of  more  harm  than  good. 

Sharply  distinguished  from  the  above  are  those  reports  which 
are  written  up  fully  and  carefully.  Often  the  reasoning  is  full 
and  to  the  point.  The  fact  that  several  schools  are  able  to  pro- 
duce such  reports  confirms  the  belief  that  it  is  quite  possible  to 
obtain  satisfactory  results  which  are  well  worth  the  time  and 
energy  expended.  The  educative  value  of  chemistry  depends 
''"ite  as  much  upon  the  character  of  the  teaching  as  upon  the  na- 
^f  the  subject. 
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6    Special  features  of  the  laboratory  course 

Quantitative  experiments  have  for  several  years  been  empha- 
sized by  teachers  of  chemistry.  These  experiments  afford  train- 
ing in  measurement  and  accuracy  of  observation  and  serve  to 
verify  the  laws  which  the  student  would  otherwise  be  obliged  to 
accept  as  a  matter  of  theory. 

The  proportion  of  the  schools  in  which  this  work  is  given,  is 
an  interesting  question.  In  table  3  the  quantitative  and  the  com- 
mon physical  experiments  are  classified  so  as  to  give  the  percen- 
tage of  the  schools  which  include  the  experiment  in  their  course. 
The  "distillation"  experiment  is  that  of  the  separation  of  a  salt 
from  water.  Under  "hydrogen  equivalent"  is  included  all  forms 
of  that  experiment.  By  "ionization"  is  meant  all  those  experi- 
ments which  are  intended  to  illustrate  that  theory.  Under  "mis- 
cellaneous" are  included  such  experiments  as  the  analysis  of  a 
carbonate  for  carbon  dioxid.  The  "solubility"  is  the  usual  form 
of  experiment  to  determine  the  approximate  extent  of  the  solu- 
bility of  the  common  salts. 

In  all  but  four,  viz,  i,  10,  13  and  14,  the  private  schools  give 
these  experiments  more  generally  than  do  the  public  schools. 

Of  the  schools  outside  New  York  State  the  private  schools 
exceed  the  public  schools  in  all  but  seven  of  the  experiments, 
viz,  I,  s,  7,  8,  II,  12  and  13. 
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Table  3 
Quantitative  and  physical  experiments 


SUBJECT  OF  EXPERIMENT 


PERCENTAGE   OF  SCHOOLS   IN   WHICH 
EXPERIMENT  WAS    PERFORMED 


SCHOOLS   IN   NEW 
YORK  STATE 


Public 


Private 


Total 


SCHOOLS   OUTSIDE 
NEW  YORK  STATE 

Public     Private     Total 


1  Distillation 

2  Hydrogen  equivalent 

3  Ionization 

4  Law    of    def.    prop*ns    Na, 

CO.— NaCl 

5  Metal+  Oxygen 

6  Miscellaneous 

Oxygen 

7  Per  cent  in  air 

8  Per  cent  in  KCIO, 

9  Weight  of  I  liter 

10  Solubility 

Water 

11  Decomp'n  by  electricity 

12  H  +  O  by  eudiometer 

13  H+CuO 

14  Water  of  crystal'n 


15.4 
9.5 
3.8 

1.9 
1.9 
5.8 


15. 4 

11. 5 
3.8 

13.5 


23  I 
3.8 
5.8 

II. 5 


5.5 

33-3 

5.5 

5.5 
II .  I 
II.  I 


27.8 
22.3 
II.  I 
II .  I 


27.8 
5.5 
5-5 

II. I 


12. 

15 

4 

2. 
4 

7- 


18.6 

14-3 

5.7 

12.9 


24.2 
4.3 
5.7 

II. 4 


17.0 

12.8 

4.3 

14.9 
10.6 
10.6 


21.3 
10.6 

6.4 
19. 1 


234 

6.4 

12.8 

10.6 


16.9 
25.0 
16.7 

20.8 
4.2 

12-5 


12. 5 

8.3 

25.0 

33-3 

20.8 
4.2 

8.3 
25.0 


16.9 

16.9 

8.5 

16.9 

8.4 

11.3 


18.3 

9.9 

12.7 

239 


22.5 
5.6 

"•3 
14.8 


In  all  but  three,  viz,  7,  8  and  11,  the  schools  outside  New  York 
State  exceed  those  in  this  State. 

In  any  event  the  number  of  schools  in  which  this  important 
part  of  the  course  is  given,  is  small.  Probably  the  figures  would 
be  larger  if  computed  on  the  basis  of  a  single  experiment.  A 
larger  number  would  be  found  which  do  one  experiment. 

The  results  which  the  students  obtained  with  a  few  of  the  ex- 
periments are  shown  in  the  next  tables.  Table  4  gives  the  restilts 
of  the  hydrogen  equivalent  experiment.  The  first  five  coltnnns 
are  from  the  work  as  found  in  the  notebooks.  No  attempt  was 
made  to  correct  any  errors  in  that  work.  In  the  fifth  column, 
however,  it  was  necessary  to  recompute  the  figures,  in  a  few  cases, 
to  make  them  comparable  with  the  other  data.  Such  recomputed 
data  are  inclosed  in  parentheses.  The  entire  sixth  colimm  is  mine. 
Inclosed  in  parenthesis  under  the  name  of  each  metal  is  the  value 
of  the  hydrogen  equivalent  computed  from  the  atomic  weight 
'^ven  in  the  report  of  the  International  Committee  on  Atomic 
rhts  for  1905.* 


^em.  Soc.  Jotir.  1905.  37:5. 
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Table  4 

Hydrogen  equivalent 

ALUMINUM 

(8.93) 

Weight  metal 

Vol.  Hc.c. 

Vol.  H  corr. 

Weight  H 

Bquiyalent 

Percentage 
error 

I 

.06 

70.3 

64.8 

.0058 

'0.3 

15.3 

2 

.06 

128.85 

III. 5841 

-09997935 

6.2 

30.6 

3 

.52 

60S 

S18.09 

.0466281 

II.  T 

24.3 

4 

.08 

120 

106.4 

.00953344 

8.39 

6.0 

5 

.0660 

90 

82.8 

.00742 

8.97 

0.45 

MAGNESIUM 

(I2.I) 

I 

.058 

60.6 

54. 7 

.0049 

11.83 

2.23 

2 

.41 

420 

381 

-034 

11.98 

0.98 

3 

.089 

84.5 

76.8 

.006912 

12.87 

5.8 

4 

.220 

248.00 

228.8 

.02051 

10.75 

II. 2 

5 

2 

217 

200. 184 

.01794 

II.  16 

7.7 

6 

.026 

25.6 

23.29 

.00208 

12.5 

3-3 

7 

.05 

56 

49-79 

.0046 

II. 5 

4.9 

8 

•3 

370 

310.25             .0279225     '        10.7 

SODIUM 
(22.88) 

II. 6 

I 

.906 

462 
385 

438.3            1       -039447                   22.967 

0.39 

2 

.723 

346.6            '       .03108                     23.26 

1.7 

ZINC 

(32.45) 

I 

.0257 

102 

92.5 

.00829 

310 

4.5 

2 

.205 

78.2 

71.9 

.006287 

32.69 

0.74 

3 

z 

680 

575.1 

.0488 

30.71 

5.4 

4 

.23 

92 

80.8 

.00723 

31.8 

2.0 

5 

.2 

72.3 

66.3 

.00592 

33.8 

4.2 

6 

.2789 

lOI 

92.94 

.008377 

33-49 

3.2 

7 

.1 

37 

33-2 

33-4 

2.9 

8 

.24 

112 

97.17 

.0087 

27.58 

15.0 

The  table  shows  that  poor  work  is  done  and  that  good  work 
can  be  done.  The  results  are  evidently  the  individual  work  of 
the  student  and  show  no  tendency  in  any  particular  schools 
toward  any  particular  results. 

From  a  consideration  of  columns  3  and  4  a  somewhat  interesting 
observation  may  be  made.  These  columns  give  the  calculations 
as  they  were  carried  out  by  the  students.  In  only  one  instance 
was  the  metal  weighed  to  four  significant  figures.  In  many  cases 
the  weight  of  the  metal  was  expressed  in  two  figures.  Yet  the 
calculations  in  coltunns  3  and  4  were  carried  far  beyond  the  limits 
of  experimental  error.  This  is  an  absurd  limit  to  which  to  extend 
calculations.  It  is  better  to  carry  out  the  computation  only  to 
the  limit  of  the  accuracy  attainable  in  the  experimentation.     A 
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training  in  judgment  is  aflforded  the  student,  if  he  be  taught  to 
choose  in  each  experiment  the  extent  to  which  he  is  to  carry  the 
divisions  and  multiplications. 

Table  5  shows  the  results  obtained  in  some  other  experiments. 
As  before,  the  data  in  parentheses  were  computed  by  me.  The 
first  half  of  the  last  part  of  the  table  gives  the  percentage  of  oxygen 
obtained  by  taking  the  difference  in  weight  between  a  crucible 
containing  potassium  chlorate  before  and  after  heating. 

Table  5 

Composition  of  water 
H+CuO 


Wt  0 

Wt  H.O 

RatioH,  :0 

Ratio  0:H,0 

Peieentage  error 

(1:7-94) 

(0.888) 

I 

0.4a 

0.48 

1:7.0 

II. 8 

2 

.89 

1 .000 

1:8.091 

1.9 

3 

I.O 

1-3 

(0.770) 

13.3 

4 

20.362 

22.905 

1 :8 .  007 

8.4 

5 

.  Ill 

.148 

(0.750) 

15.6 

6 

.91 

1.03 

1 :7 .  58 

' 

4.5 

METAL-h  OXYGEN 

MagnesiuTTj^^ 


I--- 


W't  Mg 


.52 

.475 
.29 

.165 

1.6 


Wt  O       I  Ratio  O:  Mg 

I 


•33 
•30 
(.15) 
.  109 
.87 


(1:1.52) 
1:1.57 
1:1.56 

(1:1.93) 
1:1.51 
1:1.84 


Percentage  error 


3-3 
2.6 

27.0 
0.6 

21 .0 


PERCENTAGE   OP   OXYGEN    IN    KCLOs 


Wt  KCIO, 

Vol.  0 

Vol.  0  corr. 

Wt  0 

Per  cent  O 

Percentage 
error 

(39.2) 

1.52 

.61 

40.  I 

2.3 

1.75 

.68 

39.07 

0.33 

3-67 

1.4 

38.1 

2.8 

1.62 

.52 

(37.1) 

5.4 

1-37 

.544 

39.7 

1-3 

•3365 

94.9 

84.8 

.1212 

35.05 

10.6 

•25 

51.4 

47.2 

.067 

(26.8) 

31.6 

I  .462 

420 

584.78 

(.55) 

(37.6) 

4.1 

.  2 

53Q 

49.5 

.08 

(40.0) 

2.4 

.326 

95.7 

88. 90S 

(.127) 

(39.0) 

0.51 
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8    Conclusion 

In  conclusion,  the  course  in  chemistry  centers  about  the  labora- 
tory work.  The  recitation  and  the  experimental  lecture  have 
their  special  functions  to  perform  but  it  is  useless  to  attempt 
instruction  in  chemistry  without  a  well  equipped  and  adequately 
supervised  laboratory. 

All  things  considered,  the  total  amount  of  time  to  be  spent  on 
laboratory  work  will  depend  to  a  certain  extent  upon  the  ntunber 
of  consecutive  hours  in  the  laboratory  period.  If  the  period  is 
one  and  one  half  hours  in  length  then  two  per  week  during  36 
weeks  will  accomplish  the  desired  results.  Under  such  an  arrange- 
ment the  total  number  of  hours  for  the  year  would  be  108. 
However,  if  there  be  more  than  one  and  one  half  consecutive  hours 
in  the  period  it  will  be  possible  to  accomplish  the  same  results  with 
fewer  total  hours. 

The  character  of  the  notebook  record  is  a  matter  of  vital  con- 
cern. The  best  work  is  done  when  the  student  writes  a  simple 
but  full  exposition  of  the  important  features  of  the  experiment 
with  whatever  conclusions  are  to  be  derived  therefrom,  and  ren- 
ders it  in  clear  English.  It  would  be  advisable  to  take  only  rough 
notes  in  the  laboratory  and  write  the  connected  report  outside, 
or  at  least  after  the  entire  experiment  had  been  performed. 

Emphasis  should  be  laid  upon  the  use  of  good  English  in  the 
record.  The  reasons  for  every  conclusion  should  be  fully  stated 
and  the  experiment  should  be  interpreted  only  so  far  as  the  con- 
ditions and  data  warrant. 

Quantitative  experiments  are  recommended  and  the  calculations 
involved  should  be  carried  no  farther  than  the  limit  of  acciu-acjr 
with  which  the  weighings  and  readings  are  made. 

If  the  students  are  well  prepared,  chemistry  can  be  taught 
successfully  in  the  high  schools.  To  do  so  it  is  necessary  to  ade- 
quately equip  the  laboratory  with  desks  and  apparatus;  to  allow 
the  students  to  work  in  periods  of  not  less  than  one  and  one  half 
hours  in  length;  to  arrange  the  teacher's  time  so  that  it  will  be 
possible  to  prepare  experiments  and  to  carefully  supervise  the 
laboratory;  and  for  the  teacher  himself  to  be  well  educated  and 
to  keep  alive  to  the  developments  of  this  progressive  science. 

SOME  PROPERTIES  OF  MATTER  AT  LOW  TEMPERATURE 
BY    PROF.    J.    S.    SHEARER,    CORNELL    UNIVERSITY 

One  of  the  most  important  elements  which  influences  man's 
physical  existence  is  the  temperature  of  his  surroundings,  the  very 
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maintenance  of  life  being  conditioned  on  a  comparatively  narrow 
temperature  range.  The  change  from  winter's  cold  to  stmimer 
heat  undoubtedly  gave  to  prehistoric  man  his  ideas  regarding 
limits  of  temperature  variation,  while  acquaintance  with  fire,  and 
in  certain  parts  of  the  earth  with  volcanic  eruptions  and  geysers 
perhaps  gave  an  extension  as  regards  the  question  of  higher  tem- 
perature. We  are  still,  however,  accustomed  to  consider  any 
temperature  as  low  which  falls  very  much  below  the  temperature 
at  which  ice  melts  even  though  our  experience  is  now  extended 
very  considerably  beyond  that  limit.  The  processes  of  manufac- 
ture which  often  denxand  the  use  of  very  high  temperatures  have 
enlarged  our  knowledge  in  this  direction  imtil  they  have  become 
somewhat  familiar  to  most  observers.  Yet,  beyond  the  reduction 
secured  by  ordinary  freezing  mixtures,  temperatures  considered  as 
low  are  by  no  means  familiar  to  most  of  us.  We  may  therefore 
assume  that  any  temperature  more  than  30*^  on  the  centigrade 
scale  below  the  freezing  point  of  water  may  come  properly  under 
the  definition  of  low. 

The  methods  employed  in  the  production  of  these  temperatures 
may  be  divided  into  three  distinct  classes.  By  the  addition  of 
suitable  salts  to  solids  it  is  possible  to  hasten  the  process  of  lique- 
faction ;  the  heat  required  to  change  from  solid  to  liquid  state  being 
abstracted  from  the  surroundings  gives  a  temperature  reduction. 
If  we  use,  for  example,  various  salts  with  ice  in  proper  proportions 
the  temperature  of  the  melting  mixture  may  be  reduced  to  perhaps 
20  or  30  degrees  below  the  zero  point  depending  upon  the  nature 
of  the  mixture.  It  is  not,  in  general,  convenient  to  use  this  process 
with  many  solids  for  various  reasons.  If,  however,  we  choose  a 
mixture  of  solid  carbon  dioxid  and  ether  in  proper  proportions,  a 
temperature  of  approximately  —  80°  C.  may  be  secured.  Another 
natural  process  requiring  the  expenditure  of  heat  consists  in  the 
vaporization  of  a  liquid.  The  conditions  under  which  vaporization 
continues  are  more  or  less  under  control,  since  part  of  the  work 
done  in  changing  a  liquid  to  a  gas  consists  in  overcoming  the 
external  pressure  which  opposes  the  increased  volume  from  the 
solid  to  the  liquid  state  and  a  reduction  of  external  pressure  will  facili- 
tate the  process  of  vaporization.  Increased  vaporization,  how- 
ever, demands  expenditure  of  heat  and  if  the  process  be  main- 
tained the  temperature  of  both  the  liquid  and  its  surroimdings 
will  be  reduced  by  the  continued  change  of  state.  If  it  were  pos- 
sible to  secure  a  series  of  liquids  whose  boiling  points  were  properly 

aced  a  series  of  controllable  temperatures  might  be  secured  by 
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boiling  these  liquids  at  varying  pressures.  By  a  combiiiation  of 
cooling  with  solid  carbon  dioxid  and  the  application  of  presstire 
early  investigators  succeeded  in  liquefying  certain  gases  which  had 
previously  been  regarded  as  existing  only  in  the  vapor  state,  and 
by  boiling  these  liquids  under  reduced  pressure  a  still  greater 
reduction  in  temperature  was  secured.  It  at  first  appeared  to  in- 
vestigators in  this  field  that  since  the  conditions  which  determine 
the  physical  state  of  a  substance  are  the  pressure  and  temperature 
to  which  the  body  is  subjected  and  since  increase  of  pressure  as 
well  as  reduction  in  temperature  always  tends  to  change  vapors 
into  liqtiids,  it  would  be  possible  by  a  sufficient  increase  in 
pressure  to  change  the  most  refractory  gases  into  the  liquid  form; 
The  researches  of  Andrews  showed  that  such  was  not  the  case.  He 
demonstrated  that  unless  a  gas  be  reduced  in  temperature  below  a 
point  which  is  definite  and  fixed  for  each  particular  substance  it 
would  be  impossible  by  any  increase  of  pressure  to  change  the 
material  to  the  liquid  state.  For  example,  it  would  be  absolutely 
impossible  to  liquefy  carbon  dioxid  imless  the  temperature  of  the 
gas  was  reduced  below  about  34°C.  This  point,  to  which  the  tem- 
perature must  be  reduced  before  pressure  can  cause  liquefaction,  is 
spoken  of  as  the  critical  point  for  that  particular  substance.  It 
should  be  noted,  however,  that  simple  reduction  of  temperature 
would  not  necessarily  produce  liquefaction, since  to  each  temperature 
below  the  critical  one  there  corresponds  a  definite  vapor  pressure. 
The  further  the  gas  is  reduced,  however,  below  its  critical  temper- 
ature the  smaller  will  be  the  applied  pressure  necessary  to  produce 
liquefaction.  The  critical  temperature  of  oxygen,  nitrogen  and 
hydrogen  is  much  below  the  lowest  temperature  attained  by 
boiling  ethelene  and  similar  liquids  under  reduced  pressure  so 
that  for  many  years  these  came  to  be  named  permanent  gases 
and  greater  temperature  reduction  was  required  before  they  could 
be  liquefied.  Another  process  which  results  in  lowering  of  tem- 
perature is  the  expansion  of  a  gas  against  an  external  pressure. 
The  process  of  compression  of  any  gas  results  in  the  production 
of  a  rise  in  temperature  while  the  same  gas  when  expanded  usually 
cools.  By  a  combination  of  the  processes  above  described  Olzew- 
ski,  Dewar  and  others  succeeded  in  liquefying  oxygen,  nitrogen 
and  air.  The  first  plants  arranged  for  this  purpose  were,  however, 
exceedingly  complicated  and  expensive.  A  few  years  ago  Professor 
Linde  of  Germany  and  Dr  Hampson,  an  English  physicist,  devised 
apparatus  for  utilizing  continuously  the  cooling  of  gases  by  expan- 
sion from  high  pressures  so  as  to  produce  temperatures  much 
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below  the  critical  temperattire  for  nitrogen  or  oxygen,  in  fact 
lowering  the  temperature  to  such  a  point  that  these  gases  would 
liquefy  at  ordinary  atmospheric  pressure.  By  exhausting  the  gas 
rapidly  from  the  vessel  containing  these  boiling  liquids  a  still 
further  reduction  of  temperature  was  available. 

Let  us  now  consider  for  a  moment  the  question  of  probable 
limits  of  available  temperatures.  As  regards  the  higher  limit  we 
are  not  likely  to  secure  a  temperature  much  above  that  of  the 
positive  carbon  in  an  electric  arc,  especially  when  designed  for 
electric  furnace  operation.  This  temperature  has,  in  reality,  never 
been  measured  by  ordinary  methods  but  is  probably  somewhere 
between  three  and  four  thousand  degrees  on  the  centigrade  scale. 
Our  idea  of  the  lowest  temperature  which  we  might  expect  to  attain 
is  based  on  the  supposition  that  the  pressure  exerted  by  a  gas  upon 
the  inclosing  walls  reduces  by  y|y  of  its  value  at  o°  for  each  degree 
of  temperature  reduction.  If  then  the  gas  should  remain  a  gas 
and  should  maintain  the  same  rate  of  pressure  reduction  as  the 
temperature  was  still  further  decreased  we  should  expect  that  at 
a  temperature  of  -273  the  gas  would  be  incapable  of  exerting  any 
expansive  pressure  whatever.  This  supposition  is  not  one  which 
is  warranted  by  our  experience  with  any  of  the  common  gases 
since  they  all  change  from  the  gaseous  to  the  liquid  state  at  ordinary 
pressures  before  a  temperature  approximately  of  273  below  zero  is 
reached  with  the  exception  of  the  rare  gas  heUum.  A  picture  of 
the  range  of  temperatures  below  zero  degrees  may  be  shown  by 
measuring  a  string  273  units  in  length  as  attached  here  to  the 
ceiling  and  considering  the  point  of  attachment  as  zero  on  the 
centigrade  scale.  The  first  tag  attached  corresponds  to  carbon 
dioxid  mixed  with  ether,  or  -  So^'C.  The  next  corresponds  to 
the  critical  temperature  for  atmospheric  air  very  approximately 
130°  below  zero.  The  next  is  the  boiling  point  of  oxygen  —  182.4 
and  slightly  below  that  the  boiling  point  of  nitrogen  —195.6. 

The  next  step  in  the  development  of  low  temperatures  was  one 
which  required  careful  consideration  and  a  further  application  of 
the  methods  which  have  already  been  mentioned.  The  critical 
temperature  of  hydrogen  is  lower  than  can  be  attained  by  the 
boiling  of  nitrogen  under  reduced  pressure,  that  is,  much  lower 
than  -2io°C.  (This  temperature  has  recently  been  determined 
and  is  very  closely  —240.8.)  The  Hampson  process  of  liquefaction 
has  been  successfully  applied  not  only  to  the  case  of  oxygen  and 
nitrogen  but  also  to  the  case  of  hydrogen,  and  because  of  its  sim- 
licity  and  effectiveness  it  is  coming  to  be  regarded  as  the  standard 
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method  for  the  liquefaction  of  gases  having  low  boiling  points. 
The  general  principle  of  the  apparatus  may  be  illustrated  as  follows: 

Suppose  we  consider  a  long  metal  tube  having  an  adjustable 
valve  at  one  end  and  connected  at  the  other  with  a  powerful  air 
compressor  capable  of  supplying  a  considerable  quantity  of  air  at 
a  pressure  of  3000  pounds  a  square  inch.  If  the  valve  at  the  end 
of  our  pipe  be  opened,  expansion  to  atmospheric  pressure  will 
entail  a  reduction  of  temperature.  Tfiis  temperature  reduction, 
however,  will  not  be  extremely  great  and  would  be  largely  neutral- 
ized by  the  inflow  of  heat  from  the  surroundings.  Suppose,  how- 
ever, that  the  tube  is  insulated  as  far  as  possible  from  all  heat 
supply  and  is  inclosed  in  a  second  tube  so  that  the  gas  partially 
cooled  by  expansion  passes  back  on  the  outside  of  the  first  tube, 
regaining  its  temperature  by  absorbing  heat  from  the  tube  convey- 
ing the  incoming  gas.  In  this  way  the  gas  at  the  expanding  nozzle 
will  be  gradually  reduced  in  temperature  until  finally  it  comes 
below  the  temperature  at  which  liquefaction  will  take  place  at 
atmospheric  pressure.  As  a  matter  of  convenience  in  installation 
and  operation  the  tube  carrying  the  gas  is  wound  up  in  a  spiral 
coil  and  is  carefully  protected  from  external  heating  by  a  suitably 
constructed  jacket.  Such  a  liquefier  will  operate  successfully  in 
the  case  of  air  without  preliminary  cooling  but  in  the  liquefaction 
of  hydrogen  the  gas  under  pressure  must  be  cooled  somewhat 
below  -  8o°C.  before  liquefaction  can  be  produced.  The  effective 
cooling  is  due  to  the  slight  mutual  attraction  of  gas  particles,  i.  e. 
to  the  Joule-Thomson  effect. 

The  measurement  of  low  temperatures  can  be  accomplished  by 
the  use  of  gas  thermometers,  thermo-elements,  resistance  thermo- 
meters or  by  the  use  of  certain  special  liquids  whose  freezing 
points  are  extremely  low.  For  the  lowest  temperatures  now 
attainable,  however,  a  helium  gas  thermometer  or  a  properly 
constructed  thermo-element  is  the  most  practical. 

Undoubtedly  one  of  the  most  interesting  substances  at  low 
temperatures  is  air  in  liquid  form.  We  have  in  this  small  beaker  a 
non viscous  pale  blue  liquid  whose  density  is  approximately  unity 
as  is  readily  shown  by  pouring  some  on  the  surface  of  water  and 
observing  the  immersion.  The  surface  tension  of  the  liquid  is 
small  and  the  temperature  of  this  particular  specimen  is  probably 
very  close  to  -188*^  on  the  centigrade  scale,  the  temperature 
varies  according  to  the  relative  proportion  of  oxygen  and  nitrogen 
in  the  mixture.  The  density  also  varies  with  the  composition 
from  1. 31  for  oxygen  to  .791  for  pure  nitrogen.     Liquid  oxygen  is 
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slightly  magnetic  as  may  be  shown  by  observing  the  attraction 
of  a  small  horseshoe  magnet  for  the  liquid.  Liquid  air,  oxygen  or 
nitrogen  behave  precisely  as  other  liquids  excepting  that  they 
happen  to  have  boiling  temperatures  at  atmospheric  pressure 
very  much  below  those  to  which  we  are  ordinarily  accustomed. 
The  behavior  of  liquid  air  when  poured  upon  a  surface  at  room 
temperature  is  exactly  the  same  as  in  the  case  of  water  placed 
upon  a  surface  extremely  hot  as  compared  with  the  boiling  point 
of  water.  A  layer  ©f  gas  is  developed  between  the  hot  plate  and 
the  cold  liquid  which  forms  a  cushion  preventing  actual  contact 
between  the  two.  If  we  pour  liquid  air  upon  a  small  glass  in  the 
vertical  projection  field  of  the  lantern  we  will  note  that  it  vibrates 
quietly  for  some  time  without  any  sputtering  or  hissing  imtil  it 
finally  comes  in  contact  with  the  glass  when  it  boils  much  more 
violently.  In  conmion  with  all  other  liquids,  liquid  air  has  a 
definite  heat  of  vaporization  and  it  requires  the  expenditure  of 
approximately  51  calories  of  heat  to  convert  one  gram  of  liquid  air 
at  its  boiling  point  to  gaseous  air  at  the  same  temperature.  If 
we  consider  the  specific  heat  of  air  as  constant  between  its  boiling 
point  and  o^^C.  the  total  heat  required  to  convert  i  gram  of  liquid 
air  at  its  boiling  point  to  ice  cold  air  would  be  very  nearly  95 
calories. 

In  order  to  keep  the  liquid  it  is  necessar)'*  to  construct  vessels 
which  will  prevent  acquisition  of  heat,  since  if  the  heat  of  vaporiza- 
tion is  not  supplied  the  air  will  retain  the  liquid  form.  The  most 
successful  vessels  for  this  purpose  were  invented  by  Professor 
Dewar  of  the  Royal  Institution,  London,  and  are  known  as  Dewar 
bulbs.  They  are  constructed  of  glass  instead  of  metal  which 
prevents  the  conduction  of  heat  from  the  surroundings.  They 
are  made  double  walled  and  the  air  between  the  two  walls  is  re- 
moved so  as  to  prevent  the  transfer  of  heat  from  the  outside  to 
the  liquid  by  conduction  or  convection  of  the  gas  and  finally  they 
are  frequently  coated  with  a  layer  of  silver  which  serves  to  reflect 
radiant  heat  and  light,  thus  ver>''  effectively  preventing  heat 
transfer  to  the  liquid. 

Since  no  pressure,  however  great,  would  keep  air  liquid  at  a 
temperature  above  -  130®,  vessels  containing  liquid  air  must  not 
be  tightly  closed.  Pouring  a  small  quantity  into  a  piece  of  heavy 
rubber  tubing  and  closing  both  ends  the  pressure  developed  on 
evaporation  is  readily  shown. 

By  the  use  of  liquid  air  as  a  cooling  agent  it  is  possible  to  liquefy 
many  gases  at  comparatively  low  pressures.     Taking  a  tube  con- 


1905]  SECTION    MEETINGS — SECTION    A  65 

taining  ethelene  which  in  the  field  of  the  lantern  is  apparently 
empty,  and  immersing  it  for  a  moment  in  a  bath  of  hquid  air, 
we  find  that  we  have  an  accumulation  of  liquid  i  or  2  cm.  deep 
in  the  bottom.  Were  the  earth  to  be  cooled  to  a  temperature  of 
-  iQS^C.  we  should  have  a  layer  of  liquid  upon  its  surface  approxi- 
mately 35  feet  in  depth  with  various  solids  not  especially  familiar 
to  us  such  as  solid  CO2,  ethelene,  etc.  floating  therein. 

If  we  consider  the  effect  of  great  reduction  of  temperature  upon 
liqtdds,  we  find  that  at  the  temperature  of  liquid  air,  mercury, 
alcohol,  ether,  chloroform  etc.  have  become  solids.  A  test  tube 
filled  with  mercury  gives  us  a  solid  which  will  persist  for  a  consider- 
able time  after  removal  from  the  liquid  and  which  you  see  is  malle- 
able and  not  unlike  soft  lead  in  appearance.  Certain  liquids  such 
as  pentane  and  petroleimi  ether  have  freezing  points  below  the 
temperature  of  liquid  air  and  may  therefore  be  used  in  thermometers 
for  low  temperature  measurement.  If  we  take  ordinary  coal  gas 
and  pass  it  through  a  tube  immersed  in  liquid  air  and  observe 
the  character  of  the  flame  at  the  opposite  end  of  the  tube  we  will 
note  that  its  liuninous  qualities  are  greatly  reduced  ultimately 
giving  a  flanro  which  chemists  would  recognize  as  characteristic 
of  burning  hydrogen.  Cutting  off  the  gas  supply  and  removing 
the  tube  from  the  cooling  liquid  we  observe  that  a  considerable 
amoimt  of  solid  material  is  present  in  the  bottom  of  the  tube  and 
on  the  application  of  heat  this  solid  material  changes  to  a  combus 
tible  vapor  which  may  be  lighted  at  both  ends  of  the  tube,  giving 
a  highly  luminous  flame.  Liquid  air  contains  a  higher  percentage 
of  oxygen  than  ordinary  gaseous  air  owing  to  the  fact  that  the 
boiling  point  of  oxygen  is  higher  than  that  of  nitrogen  and  conse- 
quently a  greater  per  cent  of  the  oxygen  liquefies  than  of  the 
nitrogen.  This  fact  may  be  shown  by  observing  the  ability  of 
vapor  from  an  old  sample  of  liquid  air,  which  has  become  still 
richer  in  oxygen  by  the  more  rapid  vaporization  of  the  nitrogen, 
in  which  ordinary  wool  bums  with  explosive  violence.  Saturated 
charcoal  behaves  on  ignition  very  much  as  gunpowder. 

When  we  come'  to  consider  the  effect  of  reduced  temperature 
upon  solids  we  may  say  that  brittleness,  rigidity  and  tensile  strength 
are  in  general  increased.  If  we  take  a  small  coil  of  fuse  wire 
incapable  of  supporting  a  given  weight  at  ordinary  temperatures 
and  retaining  its  spiral  form  we  find  that  upon  reducing  to  the 
temperatiu-e  of  liquid  air  the  weight  is  readily  sustained  and  we 
may  note  the  gradual  straightening  out  of  the  coil  as  the  temper- 
ature   rises.     Flowers,    beefsteak    and   pieces    of   rubber    become 
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extremely  brittle  at  these  temperatures,  a  piece  of  rubber  tubing 
having  elastic  properties  similar  to  a  piece  of  glass. 

A  further  peculiar  effect  may  be  noted  with  regard  to  ability  of 
bodies  to  store  up  luminous  energy  and  give  it  out  as  light  after 
the  exciting  source  has  been  removed.  Take  for  example,  an  egg 
which  has  been  subjected  to  liquid  air  temperature,  also  a  piece 
of  paraffin  candle  and  a  tube  of  soHd  alcohol  and  expose  them  for 
a  moment  to  the  radiation  from  an  arc  lamp  and  then  observe 
them  in  a  dark  room.  Each  glows  with  a  characteristic  phos- 
phorescent light.  The  egg  especially  gives  a  beautiful  wavering 
blue  color.  It  might  be  of  interest  to  observe  in  this  connection 
that  liquid  air  like  ordinary  air  is  a  good  insulator  and  that  we 
may  have  in  the  same  small  beaker  simultaneously  one  of. the 
highest  and  one  of  the  lowest  temperattu^s  conveniently  attain- 
able by  operating  an  electric  arc  beneath  the  surface  of  liquid  air. 
Notice  that  the  arc  is  extremely  brilliant  and  is  maintained  without 
serious  difficulty. 

I  wish  to  call  your  attention  to  the  fact  that  the  temperatures 
here  exhibited  are  by  no  means  the  lowest  which  have  yet  been 
attained.  The  following  table  may  be  useful  as  giving  certain 
important  temperature  points  for  reference. 

Solid  CO,  +  ether -79. SH^. 

Boiling  oxygen  at  a  pressure  of  one  atmosphere -182.4 

Boiling  nitrogen  at  a  pressure  of  one  atmosphere -"i9S-S 

Boiling  O  at  a  pressure  of  one  mm  of  mercury  mm -228 

Critical  point  of  air  (approx.) -130 

Critical  point  of  H -240 . 8 

Boiling  point  H -252.5 

Melting  point  of  H -257 

Lowest  temperature  attainable  by  use  of  H  (estimated) .  -260 

Lowest  temperature  as  yet  actually  measured -258 . 5 

Estimated  temperature  by  expanding  helium  cooled  to 
-258° -266. 5 

I  wish  you  particularly  to  note  that  all  of  the  phenomena  which 
you  have  seen  in  connection  with  low  temperatures  are  similar  to 
those  open  to  observation  on  various  substances  at  ordinary 
ranges  of  temperature.  In  fact  there  is  nothing  contrary  to  ordinary 
experience  in  any  of  the  properties  of  matter  in  this  interesting 
field.  When  first  asked  to  speak  to  you  upon  this  topic  I  was 
strongly  tempted  to  decline  because  of  the  sensationalism  which 
has  been  developed  in  connection  with  this  topic  as  well  as  many 
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Others  in  physical  science.  A  few  years  ago  the  unscientific  public 
and  many  supposed  scientific  men  were  greatly  enthused  by 
lyceum  bureau  lecturers  on  this  wonderful  liquid  and  by  magazine 
articles  written  by  a  promoter  who  succeeded  in  floating  stock  of 
a  concern  for  the  manufacture  of  liquid  air.  The  intense  desire 
of  the  American  public  to  make  money  by  getting  something  for 
nothing  was  seized  upon  by  the  promoter  to  further  his  own  ends 
by  stating  that  when  once  started  the  liquid  was  self-producing 
and  picturing  in  glowing  terms  the  tremendous  possibilities  in  the 
development  of  power.  It  is  perfectly  true  that  an  enonnous 
pressure  may  be  produced  by  applying  heat  to  liquid  air  in  an 
inclosed  space.  But  this  gives  no  indication  whatever  concerning 
the  energy  relations  involved  and  liquid  air  has  not  proved  in 
any  way  an  exception  to  the  fact  that  work  must  be  performed 
in  order  to  get  rettuns.  Not  only  this  but  even  conservative 
speculators  were  imbued  with  the  idea  of  utilizing  this  exceedingly 
cold  liqtdd  as  a  refrigerating  agent.  A  party  not  looo  miles  from 
an  institution  where  accurate  information  regarding  the  properties 
of  this  liquid  might  have  been  obtained  lost  about  |6o,ooo  in 
efforts  to  utilize  liquid  air  for  refrigeration  purposes.  Note  that 
a  refrigerating  temperature  below  zero  degrees  is  seldom  required 
in  practice  and  that  for  this  limit  80  lb  of  liquid  air  will  be  very 
approximately  equivalent  to  95  lb  of  ordinary  ice.  Under  the 
conditions  of  operation  in  the  plant  where  this  air  was  obtained 
the  cost  of  production  comes  pretty  close  to  $4  a  liter  including 
breakage  of  expensive  containers,  interest  and  depreciation, 
attendance  etc.  It  is  hardly  to  be  expected  that  refrigerating 
plants  utilizing  this  liquid  would  be  financially  successful. 

It  may  naturally  be  asked  what  is  the  use  of  liquid  air  and  of 
low  temperature  investigations.  As  far  as  the  scientific  man  is 
concerned  increase  of  knowledge  of  nature  pure  and  simple  is  a 
sufficient  excuse  for  the  expenditure  of  money  and  time  to  any 
extent.  Even  to  those  who  unfortunately  look  only  at  immediate 
commercial  returns  we  may  still  say  that  this  liquid  has  proved 
to  be  of  considerable  use  and  to  two  cases  I  especially  call  your 
attention.  In  the  preparation  of  oxygen  for  medicinal  purposes 
the  evaporation  of  liquid  air  gives  a  product  much  less  likely  to 
contain  poisonous  materials  than  that  obtained  by  most  chemical 
processes.  Another  application  which  may  appeal  very  directly 
to  some  of  you  at  some  time  of  your  life,  is  in  the  production  of 
chloroform  for  use  in  anesthesia.  It  has  been  found  that  the 
presence  of  impurities  in  chloroform  add  very  greatly  to  danger 
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to  life  in  its  use  and  the  only  way  in  which  perfectly  pure  chloroform 
can  be  practically  produced  is  by  freezing  out  the  impurities  by 
the  use  of  liquid  air  as  a  refrigerating  agent. 

In  conclusion  I  wish  to  urge  upon  you  one  and  all  as  teachers 
to  beware  of  sensationalism  and  yellow  science.  While  main- 
taining an  open  mind  regarding  physical  theories  and  admitting 
possible  limitations  of  so  called  natural  laws  you,  of  all  man- 
kind, should  stand  firmly  for  the  general  results  of  sound 
scientific  experience  and  not  eagerly  seize  each  passing  will  o'  the 
wisp  which  the  public,  still  influenced  by  superstition  and  mysticism, 
fondly  hopes  will,  miraculously,  enable  them  to  violate  natural 
laws  with  impunity.  How  often  in  the  last  few  years  have  even 
reputable  magazines  joyfully  announced  the  final  overthrow  of 
that  barrier  to  the  realization  of  mystic  hopes,  the  conservation 
of  energy.  Liquid  air,  self-regenerating,  to  drive  our  flying 

machines  for  nothing.  Radium  overthrowing  all  the  ponderous 
laws  of  physical  science  and  to  be  not  only  the  inexhaustible 
storehouse  of  thermal  energy  but  also  the  long  sought  fountain 
of  youth  and  cure  for  most  diseases.  And  not  a  little  of  this 
sensationalism  is  due  to  those  who  should  be  high  priests  at  the 
altar  of  truth  instead  of  demagogues  selling  their  birthright  for 
the  miserable  pottage  of  popular  excitement.  The  world  has  a 
right  to  expect  that  teachers  and  investigators  in  science  should 
live  up  to  the  highest  scientific  ideals  and  if  the  educational  results 
of  science  do  not  always  compare  favorably  with  those  of  the 
subjects  it  has  displaced  is  it  not  largely  due  to  our  failure  to  realize 
its  real  dignity  and  power?  Do  not  imagine  for  a  moment  that  I 
believe  physical  science  should  not  be  made  attractive  or  that 
striking  experiments  may  not  be  legitimate  and  useful.  Is  it 
necessary  to  surround  science  with  mysticism  or  to  teach  what  the 
ripest  results  of  experience  contradict  in  order  to  create  a  transient 
wonder  and  to  keep  up  interest  in  our  chosen  subject?  One  who 
in  any  small  degree  comprehends  the  real  wonders  of  our  environ- 
ment, the  subtle  beauties  of  the  simplest  natural  process,  visible 
to  those  who,  having  eyes,  really  see,  can  hardly  fail  to  be  an  attrac- 
tive teacher  even  though  building  no  air-castles  to  obscure  the 
temple  of  truth.  To  develop  sound  appreciation  of  science,  to 
increase  its  usefulness  in  daily  life,  to  make  it  satisfy  the  highest 
intellectual  cravings  and  finally  to  dispel  the  idea  of  a  vacillating 
and  uncertain  mystic  ruling  power  whose  laws  may  be  circum- 
vented at  will  is  the  high  calling  of  each  and  every  real  teacher  of 
science. 
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son  CHBMICAL  BZPBRIMBHTS  TO  ILLUSTRATE  THE  NEW  YORK  STATE  SYLLABUS 

FOR  1906 

BY  JOHN  F.  WOODHULL,  TEACHERS  COLLEGE,  COLUMBIA   UNIVERSITY 

I  Generate  oxygen  and  bum  carbon  and  sulphur  in  it. 

3  Bum  iron  in  oxygen  and  show  the  product. 

3  Find  the  percentage  of  oxygen  in  the  air. 

4  Find  relative  kindling  temperature  of  illuminating  gas,  carbon, 

and  sulphtu-.     Miners  safety  lamp. 

5  Bum  illtuninating  gas  in  air  and  air  in  illtuninating  gas. 

6  Produce  hydrogen  from  sulphuric  acid  by  zinc. 

7  Collect  8  ounce  bottleful  of  hydrogen  from  water  by  sodium. 
S    Collect  8  ounce  bottleful  of  hydrogen  from  water  by  hot  iron 

and  steam. 
9    Decompose  water  by  the  electric  current  and  measure  the 
proportion  of  hydrogen  and  oxygen  produced.     6  dry  cells 
(1900)  4  volt,  2.5  amperes. 

10  Produce  water  from  hydrogen  and  hot  copper  oxid.     Propor- 

tions by  weight  of  hydrogen  and  oxygen  in  water. 

11  Show  the  proportions  by  volume  in  which  hydrogen  and  oxygen 

imite  by  exploding  a  mixture  of  them. 

12  Prepare  chlorin  and  bum  antimony  in  it. 

13  Prepare  hydrochloric  acid  and  test  it  for  hydrogen  and  chlorin. 

14  Prepare  hydrofluoric  acid  and  etch  glass. 

15  Prepare  iron  sulphid  by  burning  together  iron  and  sulphur. 
x6     Prepare  hydrogen  sulphid  and  show  its  reactions  with  salts  of 

lead,  zinc,  arsenic  and  antimony. 

17  Prepare  nitric  acid  by  the  action   of  sulphuric  acid  upon 

potassium  nitrate. 

18  Prepare  nitric  oxid  and  nitrogen  peroxid. 

19  Prepare  nitrous  oxid. 

20  Prepare  ammonia. 

21  Show  by  means  of  hot  carbon  that  lead  oxid  contains  lead 

and  carbon. 

22  Show  that  mercury  oxid  contains  mercury  and  oxygen. 

SOME  PEDAGOGICAL  PHASES  OF  SCIEIfCE  TBACHXirO 
E.  R.  WHITNEY,  PRINCIPAL  BINGHAMTON  HIGH  SCHOOL 

There  is  no  teacher  on  the  staff  whose  position  is  regarded  with 
more  respect  than  the  teacher  of  science.  To  the  popular  mind  he 
appears  as  the  one  member  of  the  faculty  who  deals  with  practical 
affairs  and  the  one  who  is  expected  to  keep  accurately  posted  on 
M  the  latest  discoveries  and  their  latest  and  practical  appUcations 
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to  the  affairs  of  mankind.  Consequently  he  is  freely  consulted  as 
an  expert.  His  opinion  is  eagerly  sought  regarding  the  merits  or 
defects  of  a  new  invention  or  a  labor-saving  and  money-getting 
industrial  process.  Doubtless  every  mineral  in  the  geologic 
horizon,  having  a  noticeable  weight,  color,  or  luster  has  attracted 
the  eye  of  some  longer  for  wealth,  who  has  seized  and  cautiously 
concealed  a  choice  bit  of  the  alleged  precious  mineral  and  bringing 
it  to  the  local  science  teacher,  expectantly  waits  with  hushed 
breath  imtil  the  fatal  words  regarding  the  find  are  pronoimced. 
But  it  is  not  simply  for  the  identification  and  estimation  of  the 
value  of  minerals  that  the  science  teacher  exists  in  a  commimity. 
He  is  perhaps  a  microscopist  to  whom  the  lawyers  bring  wills, 
promissory  notes,  and  other  valuable  docimients  with  signatures 
suspected  of  having  been  forged  and  the  man  of  science  is  called 
upon  to  determine  whether  there  have  been  erasures,  bleaching, 
or  alterations.  Perhaps  it  is  the  district  attorney  or  the  coroner 
who  brings  a  bloody  coat  and  asks  the  science  man  to  ascertain 
whether  the  bloorl  is  that  of  a  hen  or  that  of  a  fellow-man.  Farmers 
bring  well  water  for  the  testing  of  its  potability.  Physicians  bring 
him  the  contents  of  stomachs  and  the  like  for  analysis  and  before 
he  realizes  it  the  teacher  of  science  has  become  an  expert,  testifying 
in  the  court  room.  Perhaps  his  fame  as  a  mechanician  spreads 
sufficiently  so  that  instruments  of  precision  are  brought  to  him 
for  repair — a  barometer  is  just  a  little  out  of  **  kilter,"  an  ammeter 
needs  adjustment,  etc. 

What  should  the  science  teacher  do  with  all  of  these  calls  from 
an  asking  public?  If  he  devotes  too  much  time  to  them,  he  must 
needs  neglect  instructing  the  youth.  If  he  refuses  all  of  these 
demands,  he  not  only  loses  income  but  in  some  cases  he  fails  to  seize 
opportunities  for  his  own  mental  enlargement.  He  also  may  lose 
caste  with  the  public  and  therefore  with  his  pupils  and  hence  will 
soon  lack  that  influence  and  prestige  so  much  desired  by  a  teacher. 
The  fact  that  the  teacher  is  sought  after  by  the  adult  members  of 
a  community  in  the  same  professional  way  that  physicians,  lawyers, 
and  other  professional  men  are  sought  after,  is  to  the  mind  of  the 
growing  student  such  an  exaltation  of  the  value  of  science  and  of 
the  person  who  teaches  it,  that  it  lends  itself  immediately  as  a 
powerful  incentive  to  increased  interest  and  to  harder  study  on 
the  part  of  the  student.  The  teacher  who  can  wield  such  a  magnet 
of  influence  over  his  scholars  becomes  the  pride,  if  not  the  envy, 
of  his  coworkers  on  the  faculty,  and  at  the  same  time  advertises 
his  school  in  a  legitimate  way.     A  careful  discrimination  must  be 
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made  regarding  the  character  of  the  outside  work  undertaken. 
It  should  never  be  beUttling,  nor  accepted  wholly  for  the  financial 
income,  but  always  should  tend  toward  the  teacher's  growth  and 
be  along  the  hne  of  his  particular  subject. 

The  appreciative  public  is  not  alone  in  asking  help.  In  many 
schools  the  science  teacher  is  expected  to  do  everything  connected 
with  material  things  about  the  premises  that  the  janitor  can  not 
or  will  not  do.  No  one  is,  for  example,  supposed  to  know  how  to 
operate  the  school  mimeograph  except  the  science  teacher.  In 
one  school  I  visited  a  long  time  ago,  I  foimd  the  science  teacher 
not  only  doing  all  of  the  mimeographing,  but  also  operating  a 
foot-power  printing  press,  nmning  off  examination  questions, 
daily  program  cards,  and  the  like.  While  visiting  another  school 
in  a  near-by  state,  the  poor  overburdened  teacher  of  science  was 
at  his  wits  end,  on  a  cold  cheerless  morning,  trying  to  make  a  com- 
plicated system  of  electric  wiring  for  recitation  bells  work  properly. 
The  system,  if  it  may  be  called  such,  of  bells  was  energized  from 
a  central  battery  of  about  20  cells  located  in  a  dxisty,  dark  place, 
far  out  of  easy  reach  imder  the  stairs.  The  science  teacher  was  in 
that  grewsome  place  on  his  hands  and  knees  trying  to  locate  the 
trouble.  The  principal  was  expecting  that  the  bells  would  work 
inunediately.  The  science  teacher  had  installed  the  affair  and 
was  of  course  counted  on  to  keep  it  going.  He  was  doing  his  best. 
While  he  groped  under  the  stairs,  his  class  waited  in  the  classroom. 
He  had  several  pupils  working  alone  in  the  physics  laboratory, 
and  there  were  some  more  green  pupils  in  the  zoologic  laboratory 
who  had  encountered  a  difficulty  and  were  now  pursuing  him  with 
questions  as  to  how  to  extricate  themselves.  To  add  to  his  other 
tribulations  he  had  a  visitor.  In  another  school,  I  am  told  that 
the  science  teacher,  having  some  gifts  along  manual  training  lines, 
is  called  on  to  make  bookshelves,  blackboard  erasers  and  the  like. 

In  far  too  many  schools  there  is  such  a  local  and  unholy  reverence 
for  homemade  apparatus,  that  it  becomes  the  painful  duty  of  the 
science  teacher  to  make,  and  usually  without  proper  facilities  for 
so  doing,  the  meager  and  doubtless  only  apparatus  he  obtains. 

What  is  the  outcome  of  all  this?  Is  the  school  injured  or  bene- 
fited by  such  work  ?  Is  it  really  a  good  investment  of  public  money  ? 
Does  not  the  science  teacher  get  more  for  his  labor  per  hour  than 
the  printer,  the  bell-wiring  electrician,  the  carpenter,  or  the  me- 
chanic? If  the  science  teacher  is  a  teacher,  let  him  teach,  if  not, 
let  him  resign  and  do  something  else.  It  is  a  mistaken  policy  on 
the  part  of  the  governing  board  that  allows  such  a  state  of  things 
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to  continue.  True,  there  are  some  things  outside  the  classroom 
that  the  science  teacher  can  and  ought  to  do.  Very  properly  may 
the  operation  of  the  stereopticon  for  lectures  be  within  the  juris- 
diction of  the  science  teacher,  but  when  it  comes  to  making  the 
school  ink  by  the  barrel,  for  use  in  the  entire  township  and  making 
all  the  disinfectants  used  in  a  system  of  schools,  it  is  about  time 
the  too  immediate  applications  of  science  be  withdrawn. 

It  may  be  argued  that  it  is  inconsistent  for  one  to  hold  that 
the  teacher  should  do  work  for  outsiders  and  not  do  these  extras 
about  the  building,  especially  as  the  li^tter  plan  will  save  money 
for  the  school  board  and  the  benefits  appear  more  immediate. 
Let  us  bear  in  mind  continually  that  the  science  teacher  is  and 
should  be  employed  by  the  authorities  on  account  of  his  profes- 
sional qualifications  to  do  the  work  of  a  teacher  and  that  he  is  in 
no  wise  to  be  considered  as  an  employee  hired  to  do  general  repair 
or  building  maintenance  work.  The  teacher's  main  duty  lies  with 
the  minds  of  the  students,  and  is  not  that  of  an  au^dliar}*^  janitor. 
Nor  should  the  teacher  be  in  active  competition  with  the  school 
supply  houses.  There  is  now  no  more  call  for  the  teacher  to  make 
the  apparatus  than  there  is  for  his  printing  and  binding  the  books 
or  for  making  the  pens  used.  Better  and  in  the  long  nm  cheaper 
apparatus  can  be  purchased  than  can  be  made  by  an  overworked 
teacher.  I  grant  you  that  special  and  new  apparatus  must  be 
constructed  by  the  teacher,  but  there  is  really  no  excuse  for  making 
the  stock  pieces. 

The  maintenance  and  care  of  a  laboratory  demand  about  all 
of  the  spare  time  of  the  teacher.  One  seldom  finds  a  laboratory 
equipped  with  either  sufficient  apparatus  or  apparatus  of  the 
right  kind  to  fit  any  published  laboratory  manual  and  as  a  restilt 
a  manual  must  be  either  compiled  or  written  anew.  Sometimes, 
much  against  his  own  inclination  and  always  to  his  own  astonish- 
ment, the  science  teacher  discovers  suddenly  that  he  has  become, 
an  author,  whose  work  must  constantly  be  revised,  rearranged 
and  brought  up  to  date  in  order  to  meet  changing  requirements 
of  the  State  and  the  colleges. 

Permit  me  now  to  point  out  some  of  the  errors  apt  to  be  made 
in  the  teaching  of  science.  Let  it  be  clearly  understood  that  what 
follows  is  not  intended  as  a  recital  of  grievances  but  a  list  of  obstacles 
to  be  overcome  by  him  who  would  succeed. 

No  other  branch  of  knowledge  demands  in  the  teaching  of  it 
the  experimental  work  which  is  inseparable  from  the  difficult 
nibject-niatter.     Therein  lies  the  danger  of  too  much  experimenting, 
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and  too  little  theory  of  which  every  experiment  is  only  an  illustra- 
tion. Careful  preparation  in  the  theoretical  knowledge  must  be 
given  in  order  that  the  pupil  shall  understand  clearly  the  details 
and  object  of  the  experiment.  We  take  too  much  for  granted, 
and  asstmie  that  the  learner  understands  and  so  we  are  amazed 
whenever  a  thorough  cross-examination  or  a  searching  written 
examination  reveals  the  fact  that  nothing  at  all  has  been  taught — 
I  say  taught,  for  there  is  no  teaching  where  there  is  no  learning. 
Let  us  emphasize  the  theory,  and  let  us  increase  the  classroom 
drill  whenever  new  experimental  work  is  added.  Very  proper  it 
is  for  us  to  endeavor  to  secure  the  research  attitude  on  the  part 
of  the  learner.  We  are  fond  of  our  special  claim  to  the  synthetic 
method  of  teaching.  But  let  us  remember  that  even  these  valuable 
pedagogic  aids  are  liable  to  misuse.  As  a  matter  of  fact  we  no 
longer  compel  the  students  to  learn  by  original  research  all  of  the 
acctmiulated  knowledge  of  the  past  centuries.  It  is  indeed  well 
that  we  do  not  try  to  do  that.  The  idea  that  science  teaching 
consists  of  nothing  but  experiments  for  the  purpose  of  developing 
facts  is  scarcely  held  to  be  good  nowadays. 

With  the  introduction  of  individual  laboratory  practice  for  the 
pupil,  there  has  arisen  a  consequent  division  of  labor  for  the  teacher. 
It  is  now  common  for  many  secondary  schools  and  for  most  of  the" 
larger  colleges  to  have  teachers  whose  whole  work  is  in  the  labora- 
tory, supervising  the  individual  lahoT&iOTy  work  of  the  learners. 
The  duties  of  these  laboratory  instructors  are  large  and  important, 
especially  if  the  notebooks  are  carefully  examined  and  criticized; 
and  unless  this  work  of  laboratory  instruction  and  notebook  cor- 
rection, burdensome  though  it  be,  is  well  performed,  the  laboratory 
for  students  might  as  well  be  closed  once  for  all.  It  takes  a  keen 
eyed,  farsighted  and  tactful  teacher  to  superintend  a  class  in  physics 
and  see  to  it  that  the  pupils  derive  their  results  independently 
and  that  reasoning,  and  not  imitation,  or  something  worse,  is 
employed.  The  teacher  in  the  lecture  room  is  the  one  to  expound 
the  theory,  and  in  advance  of  the  student's  work  in  the  laboratory, 
at  least  for  the  secondary  school  student,  although  we  usually 
claim  otherwise.  Ordinarily  this  teacher  acts  not  only  as  lecturer 
but  also  as  drillmaster.  Where  there  are  several  teachers  instruct- 
ing the  same  students,  on  what  might  be  called  the  instalment 
plan,  the  danger  is  that  there  will  be  no  continuity  of  instruction 
so  essential  to  good  teaching.  Logical  sequence  in  taking  up  the 
subjects  taught  and  close  association  between  the  theo^\^  experi- 
ments and  drill  and  book  work  are  fundamentals  for  success.     Let 
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the  pupil  first  hear  the  instructor  present  the  new  material;  let 
him  see  the  accompanying  experimental  demonstrations;  let  him 
go  into  the  laboratory  and  do  the  same  or  other  similar  experiments 
and  record  his  results  and  have  them  criticized;  let  him  read  what 
the  book  or  books  say  on  the  subject;  let  him  be  quizzed  and 
thoroughly  cross-examined  on  all  of  the  work  in  its  various  ways 
of  presentation  and  then  he  is  ready  for  another  topic. 

While  we  are  exalting  the  laboratory,  let  us  not  forget  that 
other  valuable  auxiliary — ^the  library.  Let  us  not  lose  sight  of 
the  fact  that  one  of  our  objects  in  teaching  is  to  guide  the  students 
to  the  use  of  the  library,  which  most  of  them  will  use  far  more 
than  the  laboratory,  when  they  pass  beyond  the  limits  of  our 
domains. 

The  time  is  gone  by  when  all  of  the  brightest  students  were 
skilfully  slipped  into  the  classical  course  and  forwarded  to  college 
without  a  touch  of  science  in  the  secondary  school  and  when  the 
science  teacher  had  the  intellectual  riffraff,  the  scum  if  you  please, 
of  the  school  for  his  portion.  This  changed  condition  has  been 
brought  about  very  largely  by  the  recognition  of  science  as  an 
entrance  requirement  for  college.  There  is  now  scarcely  a  college 
in  the  land  so  backward  as  not  to  allow  at  least  one  science  as  an 
'entrance  subject.  That  science  is  destined  to  occupy  a  yet  larger 
place  in  the  curricultims  of  secondary  schools  is  certain.  The 
dangers  of  premature  specialization  are  no  longer  imminent.  Any 
pupil  who  leaves  the  secondary  school  without  having  studied  at 
least  one  science  is  not  broadly  educated.  Any  college  that  de- 
mands three  languages  among  its  entrance  requirements  and  will 
not  accept  science  is  fully  as  narrow  as  the  one  that  requires  three 
sciences  and  will  not  insist  on  at  least  one  language.  To  have 
broadly  educated  secondary  school  graduates,  they  must  have 
taken  a  course  of  study  that  is  at  least  diversified  and  representa- 
tive. The  secondary  school  teacher  is  not  only  teaching  for  the 
school  beyond,  but  also  is  teaching  in  the  last  school  most  of  his 
scholars  will  ever  attend.  His  aim  is  thereby  broadened.  His 
responsibility  is  therefore  enlarged.  It  is  he  who  should  personify, 
in  the  eyes  of  his  pupils  at  least,  the  very  highest  product  of 
scientific  training,  in  truth  the  veiy  culmination  of  scientific 
civilization. 

Let  me  close  with  two  quotations  along  this  thought.     Berthelot, 

the   great    French   chemist,   recently   called  our  attention  to  an 

^"■•^ortant  idea — "the  difference  between  the  modern  era  of  applied 

extending  over  the  last  three  quarters  of  a  century,  and 
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the  whole  development  of  the  htiman  race  during  the  last  6000 
years  or  more:  a  difference  so  marked  [he  points  out]  that  a  new 
man  is  being  created  on  a  new  earth,  and  the  entire  social  organiz- 
ation is  being  transformed  amid  conditions  for  the  comprehension 
of  which  the  past  offers  no  suggestive  precedents  or  data."  This 
being  true,  the  schools  have  a  duty  to  perform  in  making  prepara- 
tion for  this  change.  It  seems  to  me  that  Meikeljohn,  the  eminent 
English  educator,  fully  solves  this  pedagogic  difficulty  when  he 
says  "it  is  useless  to  force  this  or  that  idea,  this  or  that  piece  of 
knowledge  on  the  minds  of  our  pupils:  all  we  do  must  be  tried  by 
the  tdtimate  test — ^the  test  of  life.  This  test  is  contained  in  the 
plain  questions:  Are  the  pursuits  and  the  exercises  employed  in 
my  school  likely  to  be  carried  on  by  my  pupils  after  they  bid  me 
good  by?  Will  the  habits  I  have  given  them  remain?  Are  the 
ideas  I  have  given  them  seeds  that  will  grow  and  produce  fruit 
for  them  in  their  adult  life?  Have  I,  above  all,  given  them  *the 
expansive  joy  of  soul  over  work'  that  is  the  source  of  all  fine  art?" 
If  the  results  are  affirmative,  then  our  teaching  is  successful. 
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Section  B— BIOLOGY 

THE  TEACHHIG  OF  BIRDS  FROM  THE  ECONOMIC  STAHDPOIRT 
BY  J.   M.  JOHNSON,  MORRIS   HIGH  SCHOOL,   NEW  YORK  CITY 

Until  very  recently  biology  in  our  schools,  and  in  many  of  our 
colleges  has  been  taught  with  the  view  of  giving  the  student  a 
very  general  knowledge  of  life  and  its  processes  together  with  a 
training  in  scientific  methods  and  scientific  thinking.  Only  in  a 
few  of  our  colleges  and  in  our  agricultural  schools  has  the  economic 
side  of  the  subject  been  emphasized. 

Although  the  value  of  biology  from  the  standpoint  of  pure 
science  justifies  its  place  in  schools,  yet  we  can,  I  believe,  make 
it  a  far  more  valuable  subject  by  giving  much  more  emphasis  to 
its  practical  side.  In  fact,  the  subject  from  the  dollars  and  cents 
standpoint  is  capable  of  doing  the  nation  more  good  than  almost 
any  subject  taught  unless  it  is  the  three  r*s. 

The  people  in  the  past  had  come  to  believe  that  the  resources 
of  the  country  were  inexhaustible;  that  forests  could  be  cut  and 
burned  without  stint;  that  our  tillable  land  had  almost  no  limit; 
that  we  could  not  exhaust  our  supply  of  fresh-water  fish;  that 
our  fur-bearing  animals  could  supply  our  wants  for  an  indefinite 
time;  and  finally  that  birds  were  of  no  use  anyway,  and  if  they 
were,  were  so  niunerous  that  they  could  be  slaughtered  without 
number. 

That  time  is  past.  We  are  rapidly  waking  up  to  the  fact  that 
we  must  plant  where  we  gather,  and  must  replace  where  we  kill. 
Our  resources  are  not  inexhaustible.  In  the  short  space  of 
about  100  years  we  have  exhausted  some,  and  others  are  rapidly 
nearing  that  point.  Already  our  fur-bearing  animals  south  of 
the  Canadian  line  have  gone.  We  are  clamoring  for  free  trade 
in  lumber  with  Canada,  because  our  supply  of  some  kinds  is  so 
scarce.     Our  birds  have  decreased  40%  in  15  years. 

It  is  right  here  that  we,  as  biology  teachers,  have  a  chance  to 
do  an  immense  amount  of  good,  if  we  only  will.  We  may  educate 
legislators  all  we  will  to  pass  good  laws,  but  without  an  educated 
public  opinion  it  will  result  in  little  good.  We  are  the  makers  of 
public  opinion  to  a  very  large  extent,  and  we  must  improve  our 
opportunity  in  teaching  biology  from  an  economic  point  of  view. 

Until   recently   people   have   regarded  birds   as   of  little  value 

except  as  ornaments  to  nature  or  to  hats.     We  know  now,  however, 

hat  they  are  of  immense  value  from  the  economic  standpoint 
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Since  this  value  is  indirect,  it  is  of  special  importance  that  the 
subject  be  carefully  brought  out  in  our  teaching. 

I  shall  endeavor  in  the  short  time  at  my  disposal  to  give  you 
some  idea  of  what  seem  to  be  the  important  points  in  such  teach- 
ing. The  plan  followed  in  our  school  is  more  adapted  for  schools 
in  large  cities  than  in  smaller  places.  For  the  latter  I  should  advo- 
cate the  formation  of  bird  clubs  for  observing  birds  in  their  natural 
surroundings  in  addition  to  the  work  here  outlined. 

The  bird  talks  are  given  toward  the  end  of  the  second  half  year 
when  the  pupils  have  studied  some  form  of  vertebrate,  and  are 
in  condition  to  appreciate  the  position  of  birds  in  organic  life. 

The  American  Museum  has  loaned  mounted  specimens  of  about 
20  birds  representative  of  the  different  main  groups.  These  attract 
the  attention  of  the  pupils  at  once,  and  increase  their  interest. 
Mounted  specimens  are  better  than  slides  for  a  small  audience, 
as  they  give  a  better  idea  of  the  size  and  coloring  of  the  bird. 

The  birds  are  then  grouped  into  four  divisions  mainly  in  accord- 
ance with  their  food,  namely:  (i)  birds  of  prey,  (2)  seed  eaters, 
(3)  insect  eaters,  (4)  game  birds. 

Next  the  value  of  birds  is  discussed  from  two  points  of  view: 
(i)  The  esthetic  standpoint  is  briefly  touched  upon  in  showing 
the  pupils  that  birds  add  to  the  beauty  of  the  world,  because  of 
their  colors,  form  and  song,  and  that  they  add  greatly  to  our 
enjoyment  of  spring  and  summer  whether  we  know  the  different 
kinds  or  not.  (2)  The  economic  side  of  the  question  is  then 
taken  up  in  considerable  detail. 

The  value  of  hawks  and  owls  as  rodent  destroyers  is  shown  by 
citing  an  illustration  from  Pennsylvania  as  follows:  In  1885  the 
Legislature  gave  a  bounty  for  the  killing  of  hawks  and  owls,  and 
in  one  and  one  half  years  128,571  birds  were  killed  for  which 
$90,000  was  paid.  The  value  of  the  poultry  saved  was  $1875. 
On  investigation  it  was  found  that  each  hawk  and  owl  destroyed 
on  the  average  1000  field  mice  each  of  which  would  do  at  the 
lowest  estimate  2  cents  worth  of  damage  per  year.  The  amount 
of  damage  done  to  crops  in  the  year  and  one  half  by  the  killing  of 
the  birds  was  $.02x1500x128, 57i=$3, 857, 130.  Add  $90,000  to  this 
and  we  have  $3,947,130  as  the  amount  of  money  it  cost  the  state 
to  save  $1875  worth  of  poultry.  This  led  to  the  repeal  of  the 
boimty  law. 

Birds  as  noxious  weed  destroyers  are  next  considered.  Birds 
of  this  character  are  the  sparrows  and  finches,  examples  of  which 
are  shown  to  the  pupils. 
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The  effect  of  the  tree  sparrows  on  the  weeds  in  Iowa  is  cited  as 
follows:  There  are  lo  tree  sparrows  to  every  sqtiare  mile  of  that 
state.  By  an  examination  of  the  stomachs  of  these  birds  the 
average  weight  of  seed  eaten  per  day  can  be  estimated.  Multiply- 
ing this  by  the  number  of  days  the  birds  stay,  this  by  the  number 
of  birds  per  square  mile,  and  this  by  the  niunber  of  square  miles 
in  the  state,  and  we  have  the  great  total  for  one  state  of  1,750,000 
poimds  or  875  tons.  The  pupils  are  asked  to  consider  what  the 
number  of  these  seeds  must  be ;  what  the  effect  on  the  crops  wojild 
be,  if  a  large  proportion  produced  weeds,  and  what  it  would  cost 
the  farmer  if  he  tried  to  keep  them  out. 

The  most  emphasis,  however,  is  laid  upon  birds  as  insect  destroy- 
ers. 

Every  year  about  $400,000,000  of  crops  are  destroyed  in  the 
United  States  by  insects  alone.  Birds  of  nearly  all  kinds  eat 
insects  at  some  tiine  in  their  lives,  and  a  large  proportion  feed 
almost  altogether  upon  them. 

The  cotton-boll  weevil  does  damage  to  the  amoimt  of  between 
$10,000,000  and  $25,000,000  a  year;  the  cinch  bug  does  millions  of 
dollars  damage  to  wheat ;  and  the  codling  moth  injures  apples,  pears 
and  other  fruits  to  an  enormous  extent.  The  gipsy  moth  has  cost 
Massachusetts  several  himdreds  of  thousands  in  a  few  years. 

The  cuckoo  is  cited  as  an  example  of  how  rapidly  birds  destroy 
insects.  In  the  stomachs  of  46  black-billed  cuckoos  were  fotmd 
906  caterpillars,  44  beetles,  96  grasshoppers,  30  stink  bugs,  and 
15  spiders,  making  1091  in  all.  The  European  jay  fed  one  half 
million  caterpillars  to  their  young  in  one  season.  Many  other  ex- 
amples are  also  given. 

After  showing  the  value  of  birds,  the  need  of  protecting  such 
useful  animals  is  then  shown. 

Birds  have  decreased  in  15  years  40%  in  the  United  States, 
varying  from  none  in  three  or  four  states  to  15%  in  Massachusetts, 
and  70%  in  Florida.  The  reasons  for  this  decrease  are:  (i)  the 
use  of  birds  for  millinery  purposes;  (2)  the  unlimited  slaughter  of 
game  birds;  (3)  the  wanton  killing  of  birds  and  robbing  of  nests 
by  boys  and  men,  (4)  the  great  increase  in  the  number  of  cats 
with  the  settlement  of  the  country. 

375  g^lls  were  killed  by  one  man  in  one  day  and  375  more  during 
the  remainder  of  the  week.  1000  small  birds  have  been  caught 
in|a  single  net  in  California.  30,000,000  birds  are  used  in  Europe 
annually.  All  this  for  milliner}''  purposes.  Country  and  suburban 
cats  average  about  60  birds  each  per  year.     Game  birds  are  killed 
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in  spring  so  that  the  chance  for  normal  increase  is  greatly  dimin- 
ished. Sea  birds*  eggs  have  been  collected  for  eating  in  great 
quantities.  Many  species  were  in  immediate  danger  of  exter- 
n[iination  until  the  Audubon  Society  began  their  all  important 
work  of  bird  protection,  and  the  United  States  Department  of 
Agriculture  began  the  sending  out  of  reports  showing  the  great 
danger  to  crops  if  the  destruction  was  not  stopped. 

The  question  naturally  occiu^  to  the  pupil,  '*What  has  this  to 
do  with  me?     I  do  not  know  one  bird  from  another. " 

If  the  school  is  a  mixed  one — and  we  are  assuming  that  it  is — 
the  teacher  should  urge  the  girls  not  to  wear  the  pliunage  of  any  wild 
bird  on  their  hats  either  as  whole  birds  or  as  separate  feathers, 
and  to  use  their  influence  with  their  sisters,  mothers  and  friends 
not  to  do  so.  They  should  be  led  to  see  that  the  women  -v^earing 
such  feathers  are  beginning  to  demean  themselves  in  the  eyes  of 
other  people.  The  use  of  egrets  should  receive  special  attention 
as  these  birds  are  all  but  extinct  in  this  country.  If  they  must 
wear  feathers,  let  them  be  encouraged  to  wear  ostrich  pliunes  and 
other  domestic  fowls'  feathers. 

Even  in  a  city  school  many  of  the  boys  go  into  the  country  for 
the  simimer.  They  must  be  encouraged  to  try  to  study  the  birds 
alive,  and  not  on  any  account  to  kill  them  or  collect  their  eggs, 
and  to  use  their  influence  for  bird  protection.  Some  fear  of  the 
law  should  be  held  before  them,  but  the  emphasis  should  be  laid 
on  the  value  of  the  bird. 

The  cat  question  may  be  touched  upon.  The  pupils  must  see 
the  danger  to  the  birds  from  this  source,  and  be  encouraged  to 
kill  all  superfluous  cats  in  their  own  home,  and  homeless  stray 
ones. 

They  should  be  encouraged  to  hunt  only  in  the  right  season, 
and  to  obey  the  game  laws  in  letter  and  spirit. 

Finally  every  pupil  must  be  made  to  see  that  for  every  bird 
killed,  their  parents  and  eventually  they  themselves  will  have  to 
pay  more  for  their  flour,  their  clothing,  and  their  fruit,  because 
the  killing  of  birds  enables  insects  to  increase,  and  if  crops  are 
smaller  the  consumer  must  pay  more  for  what  he  uses. 
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RESEARCH  AND  GRADUATE  WORK  FOR  TEACHERS  OF  BIOLOGY  IH  HIGH  SCHOOLS 
BY   ESTHER  F.    BYRNES   PH.D.    GIRLS   HIGH   SCHOOL,   BROOKLYN 

As  we  are  teachers  who  have  gathered  together  to  discuss  various 
phases  of  our  professional  work,  I  think  that  the  subject  on  which 
I  have  been  asked  to  speak.  Research  and  Graduate  Work  for 
Teachers  of  Biology,  must  fall  under  two  heads. 

First,  the  value  of  close  contact  with  the  subject-matter  of  the 
science  to  the  teacher  himself;  second,  the  influence  of  the  teacher's 
relation  to  his  subject,  on  those  whom  he  instructs. 

To  those  intimately  acquainted  with  the  science  of  biology,  it 
is  known  to  be,  more  than  most  subjects,  a  rapidly  growing  field 
of  knowledge,  and  I  think  that  there  is  a  justifiable  conviction  that 
the  interests  of  biology  are  in  the  vanguard  of  modem  thought. 

Within  the  limits  of  this  field  there  are  many  lines  of  interest, 
each  demanding  its  own  methods  of  investigation  and  yielding 
results  that  though  often  illtmiinating,  are  as  often  varied  and 
perplexing,  and  all  are  set  forth  in  a  cloak  of  terms  so  technical  as 
to  convey  little  meaning  to  the  layman,  without  interpretation. 
But  one  common  interest  underlies  all  of  these  many  fields  of 
effort,  namely,  the  reduction  of  unexplained  phenomena  in  the 
organic  world — in  a  word,  evolution. 

In  1877,  Professor  Huxley  wrote,  "Evolution  is  established;  it 
is  only  the  nature  of  the  physiological  factors  to  which  that  evolu- 
tion is  due  which  is  still  open  to  discussion."  Let  us  examine 
this  doctrine  of  evolution  from  the  point  of  view  of  the  contribu- 
tions that  have  been  made  to  the  explanation  of  its  methods  within 
the  past  50  years.  In  Professor  Huxley's  day  the  great  contribu- 
tion was  Darwin's  theory  of  natural  selection;  at  first  discredited 
as  incompatible  with  accepted  and  enshrined  beliefs — now  univer- 
sally accepted  among  those  who  care  to  be  informed,  as  one  of  the 
factors  in  organic  evolution. 

Following  Darwin,  the  wonderful  revelations  made  by  the 
microscopic  study  of  the  cell  grew  into  a  body  of  knowledge  that 
when  formulated,  found  expression  in  Professor  Weissmann's 
Continuity  of  the  Germ  Plasm  as  a  contribution  to  the  solution  of 
the  method  of  evolution. 

More  recently  the  modem  spirit  of  experimentation  has  dis- 
covered a  new  approach  to  the  solution  of  the  method,  and  has 
also  discovered  that  even  its  method  is  not  new.  Today,  this 
method  is  expressed  in  a  single  word  "Mendelism,"  and  one  of  the 
most  modern  phases  of  biologic  research  is  the  attempt  to  correlate 
cell  phenomena  with  the  results  of  experimental  studies  in  the 
'taring  of  animals  and  plants. 
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Pasteur  disproved  the  old  theory  of  spontaneoiis  generation. 
Today,  we  have  the  science  of  bacteriology  with  **radiobes"  at 
one  end  of  the  series,  and  the  bacteria  of  dairy  products  and  the 
whole  field  of  germs  in  their  relation  to  disease  at  the  other. 

About  two  years  ago  a  new  element,  radium,  was  discovered; 
today  its  effects  on  organic  life  are  being  widely  investigated. 
Without  a  modem  knowledge  of  physiologic  chemistry  certain 
avenues  of  biologic  investigation  are  closed  to  us.  And  what  great 
contributions  to  our  knowledge  and  even  our  conduct  of  life  may 
we  not  expect  as  a  result  of  verified  observations  in  the  field  of 
experimental  work  in  inheritance  ? 

These  few  illustrations  may  suffice  to  show  that  the  closest  touch 
with  the  many  and  diverse  fields  of  biologic  investigation  is  not 
only  of  value,  but  is  an  unquestioned  necessity,  if  we  are  in  any 
measure  to  keep  pace  with  our  intellectual  opportunities.  If  there 
be  any  question  as  to  whether  research  and  graduate  study  be  the 
essential  method  by  which  we  are  to  come  into  our  intellectual 
inheritance,  let  us  ask  what  biologic  conceptions  have  most  affected 
our  thinking  of  today;  out  of  what  data  have  those  conceptions 
been  formulated;   and  how  have  those  data  been  revealed? 

One  of  the  conceptions  most  concerning  us  as  teachers  is  that  on 
which  the  so  called  genetic  method  of  teaching  is  based,  for  it 
recognizes  as  a  fundamental  principle  of  psychology,  that  the 
child  repeats  in  his  own  mental  development,  the  development  of 
his  race.  This  is  merely  the  application  of  the  dictum — phylogeny 
is  indicated  by  ontogeny,  or,  the  history  of  the  race  is  repeated 
in  the  individual —  a  conception  based  on  the  comparative  anatomy 
and  embryology  of  many  types. 

The  method  of  research  by  which  all  great  generalizations  have 
been  verified,  is  the  laborious  method  of  repeated  observation, 
with  here  some  observations  affirmative  to  theory,  and  there, 
some  observations  contradictor)^  to  it.  The  final  conclusions 
must  take  both  series  of  observations  into  account,  must  be  the 
mean  of  both.  What  better  instrtunent  for  the  training  of  the 
mind,  for  the  tempering  of  the  judgment,  than  the  great  storehouse 
of  biologic  processes  and  phenomena? 

One  of  the  greatest  needs  of  the  teaching  profession  is  a  high 
ideal  of  scholarship.  Pedagogy  seeks  to  put  teacher  and  pupil  in 
right  relations  with  each  other,  but  I  sometimes  think  it  neglects 
the  very  heart  of  the  matter  in  paying  as  little  attention  as  it  does 
to  the  conditions  under  which  the  result  aimed  at  is  to  be  secured; 
for  teachers  are  given  little  opportunity  to  be  progressive  and 
well  informed  and  to  nurture  enthusiasms. 
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Probably  nowhere  in  the  curriculum  of  our  educational  system 
are  such  heavy  demands  made  on  the  instructor  as  in  the  secondary 
schools;  for  while  the  demands  for  scholarship  are  high,  the  claims 
on  the  personality  and  on  the  time  of  the  teacher  are  so  great  as  to 
afford  little  opportunity  for  him  to  meet  the  higher  scholastic 
requirements  demanded  of  him;  ultimately  he  becomes  depleted 
both  in  mind  and  body. 

The  teacher  needs  some  source  of  recovery  and  inspiration.  It 
seems  to  me  that  teachers  of  biology  might  find  this  in  the  higher 
walks  of  their  own  calling ;  in  research  work,  in  some  of  the  many 
fields  open  to  them,  for  this  is  an  avenue  to  far  more  than  to  mere 
scientific  detail.  So  large  a  field  as  biology  offers  an  exceptional 
opportimity  for  the  choice  of  a  recreative  piu^uit  as  well  as  many 
opportimities  of  association  with  those  whose  own  achievements 
and  insight  inspire  lagging  strength.  Without  such  association, 
the  teacher  inevitably  stiffers  from  too  continuous  intercourse  with 
his  inferiors  in  experience,  and  is  in  the  gravest  danger  of  losing 
sight  of  the  true  standards  by  which  to  measure  his  own  worth. 

From  living  too  long  with  his  nose  too  close  to  a  grindstone,  he 
loses  perspective,  and  failing  to  see  true  values,  fails  to  be  able  to 
impart  them  in  his  teaching.  To  be  the  best  informed  among  the 
ill  informed,  is  often  a  calamity.  To  be  an  appreciative  student 
among  students  in  any  department  of  knowledge  is  a  great  and 
inspiring  privilege. 

Every  intellectual  man  has  an  avocation  as  well  as  a  vocation, 
and  the  real  man  is  more  often  revealed  by  his  avocation  than  by 
his  vocation.  I  would  suggest  that  the  teacher  of  biology  find  his 
avocation  in  study  and  research  in  his  own  field.  Then  he  will 
grow  in  knowledge  as  in  his  power  to  impart,  and  the  older  teacher 
will  be  the  better  teacher  instead  of  being  limited  to  what  he  can 
find  in  an  old  textbook,  and  tolerated  only  imtil  he  can  be  retired 
on  a  pension  fund. 

Teachers  should  be  students,  for  the  pupils*  highest  opportunities 
are  determined  by  the  teacher's  limitations.  Study  and  research 
keep  the  teacher  in  the  attitude  of  a  learner,  and  by  so  doing,  keep 
him  sympathetically  in  touch  with  the  student  attitude  of  his 
pupils. 

Moreover,  biology  is  essentially  a  subject  of  relations,  the  knowl- 
edge of  the  interrelation  of  the  different  fields  of  biologic  science 
can  be  in  no  way  so  well  appreciated  as  by  striving  to  know  some 
one  subject  exhaustively,  and  the  whole  subject  as  growing  science. 
The  presentation  of  biologic  data  in  their  relations  is  part  of  the 
very  subject-matter  of  biology,  without  which  it  ceases  to  exist  as  a 
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science,  and  becomes  a  mere  exercise  in  observation.  A  student 
recently  remarked  to  me,  that  he  had  learned  more  in  two  weeks 
from  a  celebrated  surgeon  in  a  hospital  in  Vienna,  than  in  any 
year  of  previous  study,  because  his  professor  taught  anatomy  in 
relation  to  embryology.  The  details  of  the  subject  as  intellectual 
stock  in  trade  lose  their  larger  value  out  of  relations,  and  can  be 
presented  in  their  true  relations  only  by  those  who  know  their 
value  in  a  larger  scheme  of  knowledge. 

I  believe  that  every  teacher  who  keeps  his  enthusiasm  alive 
through  years  of  professional  work  has,  as  the  source  of  his  inspira- 
tion, an  intense  belief  in  the  value  of  the  subject-matter  he  teaches; 
and  it  seems  to  me  that  the  teachers  of  biology  have  exceptional 
opportunities  of  continued  contact  with  the  original  sources  of 
inspiration  in  research  through  study  which  may  mean  not  only 
their  own  progress,  but  which  may  contribute  in  some  small  measure, 
however  remotely,  to  the  establishment  of  some  great  truth. 

Teachers  are  the  middlemen  between  closeted  scholars  and  the 
busy  world.  The  more  they  can  bring  of  scholarship  to  thair 
teaching,  the  more  they  can  contribute  towards  the  creation  of  an 
educated  public.  Knowledge  is  worthless  if  it  be  not  used  as  an 
instrument  to  dispel  ignorance,  and,  other  things  being  equal,  the 
best  scholar  is  necessarily  the  best  teacher,  because  he  has  more  to 
impart.  To  one,  the  most  useful  form  of  biologic  knowledge  may 
mean  economic  questions  of  relationship;  to  another,  familiarity 
with  the  forms  about  him;  to  some,  physiology  in  its  more  utilita- 
rian phases,  or  in  its  larger  sense;  while  others  may  value  sone 
more  purely  scientific  phase  of  the  science  such  as  evolution  through 
variation,  or  the  laws  of  heredity. 

But  whatever  line  of  work  we  pursue,  let  us  remember  that  the 
more  helpful  methods  of  teaching  are  the  broader  ones,  those  which 
open  avenues  of  suggestion  to  the  teacher  and  pupil  alike.  If  we 
are  teachers  of  students  of  more  mature  capacity,  let  us  strive  to  be 
worthy  leaders  of  a  good  cause.  If  our  pupils  are  inappreciative 
through  ignorance  and  immaturity,  let  us,  while  we  try  to  illume 
their  darkness,  strive  to  hold  to  our  own  high  standards  for  the 
preservation  of  our  own  intellectual  lives,  and  resist  with  the 
whole  force  of  body  and  mind,  the  depressing  atmosphere  of  igno- 
rance. 

In  conclusion,  teachers  are  unworthy  of  their  high  calling  who 
cease  to  grow  in  the  field  of  knowledge  in  which  they  profess  to  be 
masters.  They  are  unworthy  as  ideals  for  the  young,  whose  best 
opportunities  they  represent,  when  they  cease  to  be  students. 
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It  is  to  be  deplored  that  the  conditions  under  which  secondary 
teachers  have  to  work  afford  so  Httle  opportunity  for  the  nurturing 
of  the  intellectual  life,  but  it  devolves  all  the  more  on  the  individual 
to  wrest  from  importunate  service  a  tithe  of  time  in  which  to  keep 
pace  with  progress.  This  can  only  be  done  by  the  biologist,  through 
continued  graduate  study  and  research. 

DEMONSTRATIONS      . 

1  A  method  of  mounting  plants  or  animal  tissues  in  glycerin 
jelly  between  strips  of  mica. 

BY    ESTHER   F.    BYRNES,   GIRLS    HIGH    SCHOOL,    BROOKLYN 

2  A  method  of  supporting  developmental  stages  of  seedlings  or 
animals  on  a  gelatin  film  supported  by  a  plate  of  glass  and  pre- 
served in  4%  formalin  and  exhibited  in  an  appropriate  specimen 
jar. 

BY   J.    E.    KIRKWOOD,    SYRACUSE    UNIVERSITY 

3  A  few  slides  of  reptiles'  blood  containing  Haemaspondian 
parasites  in  the  corpuscles,  with  an  explanation  of  two  stains 
adapted  to  such  preparations,  namely  tolnidin  blue  and  a  stronger 
form  of  Moyer's  haemalum. 

BY   C.   W.    HAHN,   HIGH   SCHOOL  OF   COMMERCE,   NEW    YORK  CITY 

Section   C -EARTH  SCIENCE 

EARTH  SCIENCE.  HISTORY  AND  CULTURE 

BY   EUNICE    E.    FERINE,    STATE    NORMAL   COLLEGE,    ALBANY 

The  term  earth  science  is  one  that  has  crept  into  our  language 
within  recent  years.  It  is  a  word  born  of  our  necessity ;  one  which 
has  come  to  us  with  the  growth  and  development  of  sciences  them- 
selves, and  like  the  much  maligned  "fads  and  frills"  of  our  modem 
education  has,  because  of  its  intrinsic  worth,  become  a  citizen  of  all 
scientific  literature.  Earth  science  is  a  term  at  once  broad  enough 
and  exclusive  enough  to  define  the  realm  of  physiographic  en\4ron- 
mcnt  and  natural  phenomena  with  their  organic  and  inorganic 
relations  to  each  other.  The  popular  idea  of  this  subject  embraces 
all  facts  that  pertain  to  the  earth,  in  their  many  changeful  relation- 
ships, and  from  whatever  kingdom  they  may  be  chosen.  We  stand 
bewildered  with  the  magnitude  of  the  subject.  Its  zenith  reaches 
the  farthest  star  and  its  nadir  is  the  center  of  the  earth.  But 
when  we  turn  to  its  scientific  aspect  law  and  order  are  restored. 
The  word  science  is  of  all  English  words  the  most  vmassuming  and 
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restful;  in  its  simplest  interpretation  it  is  " knowledge  set  in  order." 
It  pretends  nothing  that  it  has  not,  it  only  observes  closely,  thinks 
logically  and  then  with  infinite  pains  coordinates  and  arranges 
with  the  utmost  care  that  truthfulness  shall  be  its  guiding  star. 

Of  all  the  physical  sciences  which  rest  upon  the  observation  of 
nature,  geography,  or  earth  science  in  its  fundamental  form,  is  the 
most  ancient  subject  to  be  studied  with  a  view  of  ranking  and 
harmonizing  facts.  Sir  William  Wharton  said  that  it  is  sometimes 
denied  to  geography  the  right  to  call  herself  a  science,  the  objection 
being  made  upon  the  view  that  it  is  a  subject  that  can  be  memorized 
and  not  easily  studied  on  any  systematic  basis  or  reduced  to  prin- 
ciples which  enable  advance  to  be  made  by  means  of  discovered 
laws.  This  is  due  to  a  misconception  of  both  science  and  geography. 
A  desire  for  exact  data  concerning  the  position,  direction  and 
distance  of  places  from  a  known  center  for  purposes  of  intercommu- 
nication must  have  been  felt  as  soon  as  the  segregation  of  people 
began.  In  iioo  B.C.  the  Phenicians  are  known  to  have  formed 
rude  maps  and  charts  of  the  Mediterranean  coast  for  the  sake  of 
their  primitive  navigation,  but  the  secretive  nature  of  these  early 
Mediterranean  navigators  and  the  silly  jealousies  of  the  coastal 
tribes  of  this  time  has  resulted  in  little  of  value  to  the  world  in  the 
line  of  records  or  charts.  However,  their  efforts  caused  this  land- 
locked sea  to  become  the  nesting  place  of  systematic  geo- 
graphic information.  Even  at  this  early  date  geography  was  by 
no  means  confined  to  this  sailor  phase  of  the  subject.  As  the  need 
was  felt  for  other  topographic  knowledge,  facts  of  climatic  condi- 
tions were  added  to  the  general  fund  until  the  definition  of  geography 
best  known  to  us  as  a  "description  of  the  earth's  surface"  came 
to  be  generally  accepted  and  has  reigned  supreme  from  the  time  of 
Anaximander  to  that  of  Ritter  and  Guyot.  But  beginning  with 
the  works  of  these  two  eminent  geographers  many  definitions  of 
geography  have  been  attempted,  among  which  that  of  Prof.  Charles 
MacMurray  is  the  one  most  beloved  in  popular  parlance ;  so  that  it 
has  almost  passed  into  a  proverb  that  "geography  is  a  study  of  the 
earth  as  the  home  of  man."  This  ringing  and  somewhat  cursory 
statement  touches  a  vibrating  chord  in  the  pedagogical  progress 
of  instruction  today,  for  it  emphasizes  the  human  element  in  much 
that  is  of  highest  worth  of  the  education  of  humanity.  As  the 
** proper  study  of  mankind  is  man"  so  an  accurate  and  well  corre- 
lated knowledge  of  one's  environment  presupposes  the  environed 
aind  can  riot  afford  to  omit  or  underrate  the  value  of  the  chief  actor. 
But  recently  this  definition  has  been  severely  criticized  as  being 
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"a  Statement  of  the  Ritterian  view  in  the  extremest  form,"  on  the 
grcund  that  it  excludes  those  interrelations  of  the  different  members 
of  that  environment  with  each  other.  **It  is  difficult"  says  Mr 
Charles  R.  Dryer  in  an  able  article  printed  recently  in  the  Teacher's 
Journal,  "to  see  what  reason  there  is  in  the  nature  of  things 
why  the  relation  of  the  land  to  the  sea  and  the  air,  and  the  air  to  the 
sea,  or  plants  and  animals  to  land,  are  not  as  much  a  part  of 
geography  as  any  other  relations.**  And  so  they  must  always  be 
considered  by  those  who  have  best  understood  the  interrelationship 
of  the  environed  to  the  environment.  Mr  Oilman,  in  the  North 
American  Review  says  of  Carl  Ritter:  "  He  regarded  the  world  as  an 
integer,  an  organized  body,  every  part  of  which  had  an  important 
relationship  to  every  other  part,  and  all  these  parts  are  essential  to 
the  completeness  of  the  whole.  In  the  complex  arrangement  of 
land  and  water,  hill  and  valley,  peninsula  and  highland,  plateau 
and  plain  he  saw  no  confusion  but  order,  arrangement  and  adapta- 
tion to  an  end.  The  wind,  water  and  land  masses  acting  upon  one 
another  like  animated  organs,  ever>'  region  having  its  own  function 
to  perform  thus  promoting  the  well  being  of  all  the  rest.**  Surely 
it  is  an  extremely  narrow,  antiquated  and  most  egotistic  view  to 
teach  the  youth  of  this  20th  century  that  all  the  forces  of  the 
universe  have  no  work  to  perform  or  functions  to  fulfil  except  as 
they  are  related  to  himself,  rather  than  that  he  has  his  part  to 
perform  in  the  gigantic  scheme  of  the  harmony  of  creation.  It  is 
like  the  old  Ptolemaic  system  of  the  revolution  of  the  sun  nbout 
the  earth!  It  is  because  of  these  interrelationships  that  geography 
has  been  called  the  parent  of  earth  sciences,  of  which  the  separate 
branches  have  grown  to  such  proportions  that  each  forms  a  treatise 
by  itself.  Thus  the  form  and  dimensions  of  the  earth's  surface 
are  best  treated  in  geodesy  while  geology,  botany,  zoology,  arch- 
eology, meteorology  and  oceanography  are  other  lusty  children  of 
the  mother  science.  But  it  is  to  the  parents  of  all  these  sciences  that 
we  must  turn  in  taking  a  large  and  comprehensive  view  of  the 
united  results  of  knowledge  gained  through  these  various  avenues; 
and  it  is  the  ability  to  master  such  a  perspective  presented  by 
geography  that  is  of  most  value  to  the  pupils  in  the  elementary'  and 
secondary  schools.  At  best  our  teaching  is  too  petty,  too  narrow 
in  its  horizons.  It  is  the  psychologic  value  of  a  subject  that 
proves  its  greatest  usefulness.  The  day  is  long  passed  when  the 
training  of  the  will,  memory  or  imagination  as  so  many  separate 
faculties  of  the  brain  has  had  a  place  in  the  mind  of  any  serious 
student  of  psycholog>\     The  doctrine  of  apperception    teaches  a 
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better  lesson  than  the  need  of  so  called  *' faculties"  of  the  mind, 
and  instructive  material  should  no  longer  be  chosen  because  it  is 
good  for  the  memon'^  or  imagination  but  because  it  follows  the 
pupil's  immediate  interests  and  bears  a  vital  relation  to  the  future 
life  culture  of  the  individual.  Only  in  this  way  is  it  possible  to 
present  a  subject  in  accordance  with  psychologic  principles,  and 
then  every  native  capacity  will  be  given  adequate  exercise  in  an 
easy  and  a  natural  manner.  To  Herbart  and  the  Herbartians 
belongs  the  discovery  that  the  sole  and  paramount  aim  of  the 
training  of  the  youth  is  for  citizenship  in  its  broadest  sense,  and  it 
was  Colonel  Parker  who  said  that  the  object  of  education  is  *'  neither 
for  knowledge  or  discipline  but  to  gain  citizenship  through  these.*' 
But  htmian  geography  is  history  and  any  treatise  upon  the 
history  of  geography  forms  an  integral  part  in  the  history  and 
development  of  the  race.  If  the  goal  of  education  is  the  training 
of  the  individual  for  perfect  citizenship,  the  dtial  purpose  of  man's 
existence  must  be  kept  in  mind.  Pope's  adage  that  the  "proper 
study  of  mankind  is  man"  is  not  true  of  man  as  a  unit,  but  as  a 
collection  of  human  beings.  Some  one  has  said  that  man  as  man  is 
a  Robinson  Crusoe.  Without  opportunity  for  development  in  what 
Goethe  so  aptly  calls  the  "stream  of  life,"  deprived  of  his  franchise 
and  robbed  of  his  inalienable  right  to  citizenship,  the  story  of  poor 
Crusoe  is  a  record  of  petty  personalities  and  although  it  is  manly 
in  its  elemental  struggles  to  conquer  conditions  and  to  preserve 
individuality,  it  is  only  a  story  because  he  had  no  civil  self  and  did 
not  belong  to  a  state,  and  therefore  lacked  that  essential  quality 
which  results  in  the  climax  of  nationality.  This  biographic  view 
of  history  has  its  proper  place  in  the  elementary  and  grammar 
grades.  The  child  is  in  the  "hero"  age  when  the  daring  and 
dramatic  deeds  of  an  Alexander  or  a  Washington  appeal  to  his 
hero-loving  nature,  but  the  end  of  historical  teaching  is  not  attained 
if  he  is  not  taught  to  stand  upon  the  mountain  peaks  and  to  view 
nations  or  races  in  their  totality  and  to  profit  by  the  lessons  they 
teach,  each  in  its  own  peculiar  environment,  of  contentment 
gained  through  control  not  alone  of  the  opposing  elements,  but  of 
control  and  adjustment  of  self  to  surroundings.  The  history  of 
every  nation  is  well  defined  along  four  definite  lines.  First,  the 
struggle  for  bare  existence,  the  plain  and  prosaic  scramble  to 
supply  the  positive  necessities  of  life,  food,  shelter  and  clothing. 
This  is  the  Robinson  Crusoe  fight  for  physical  control.  Second, 
that  of  passive  contentment,  or  cotnfort.  This  is  the  stage  in  which 
the  animal  and  physical  control  have  been  partially  gained ;  fear  of 
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extinction  is  no  longer  a  factor  and  the  rise  of  mechanical  arts 
and  industries  for  the  supply  of  wants  begins.  Third,  that  of 
active  contentment  or  happiness,  when  science  and  literature, 
architecture  and  arts  mark  an  epoch  in  the  histor\'  of  the  race. 
Fourth,  that  of  luxury.  And  this  is  at  once  the  period  of  greatest 
peril  and  greatest  opportunity  in  the  history  of  any  nation.  If 
the  individuals  have  not  then  learned,  at  least  to  some  degree, 
that  it  is  their  duty  and  privilege  to  respond  to  the  demands  of 
environment,  not  in  an  egotistic  and  selfish  sense,  but  as  one  ver>^ 
important  yet  humble  factor  in  God's  grand  plan  for  the  universe, 
there  can  be  no  harmony.  The  energy  that  formerly  was  used  in 
subduing  physical  conditions  must  find  its  outlet  in  some  direction, 
for  energy  in  the  human  as  well  as  in  the  physical  world  is  power 
to  do;  and  a  misdirected  effort  of  this  energy  leads  to  greed, 
sensuality,  lust  and  crime,  and  is  as  certain  to  end  in  the  disinte- 
gration of  a  nation  as  it  is  to  determine  the  disgrace  and  destruction 
of  an  individual.  On  the  other  hand  the  right  use  of  native  energy 
at  this  crucial  point  in  a  nation's  history  is  its  golden  opportunity 
for  the  culture  of  abilities  and  the  nurture  of  talents.  The  record 
of  the  past  offers  many  striking  examples  both  from  the  shadows 
and  the  high  lights  of  this  picture.  We  do  not  need  to  be  reminded 
that  Rome  in  all  her  splendor  dropped  into  luxurv'  and  decay  or 
that  England  and  America  proudly  hold  the  banner  of  purity  and 
nobility  of  citizenship  to  be  their  chiefest  aim. 

The  Eurasian  continent  when  considered  as  a  whole  resolves 
itself  into  a  rugged  island  structure  with  its  two  main  continental 
mountain  ranges,  the  more  important  extending  with  the  greater 
length  of  the  land  mass,  from  the  east  to  the  west,  and  the  other 
dividing  it  longitudinally.  This  vast  island  is  fringed  both  upon 
the  north  and  the  south  with  a  series  of  peninsulas  extending  boldly 
or  timidly  into  the  sea.  Consider  the  position  of  this  great  land 
mass  as  a  whole — stretching  from  the  arid  latitude  of  the  arctic 
seas  to  the  genial  tropical  conditions  of  the  peninsular  regions  in 
the  south,  and  that  great  rugged  physical  cross  carved  in  relief 
upon  its  central  and  comparatively  narrow  land  surface,  and  think 
how  much  of  its  histor>'  can  be  read  from  the  map.  Four  distinct 
races  have  arisen  here  as  a  direct  result  of  the  geographic  impos- 
sibility of  passing  natural  barriers,  each  responding  to  its  environ- 
ment in  an  original  fashion  according  to  its  ability  to  comprehend 
and  conquer  conditions ;  or,  turning  to  Europe,  of  the  three  southern 
peninsulas  Greece,  because  of  her  position,  caught  the  first  output 
of  civilization  from  Asia  and  because  of  her  own  peculiar  environ- 
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ment  gave  to  the  world  the  Hellenic  race  with  all  its  wonderful 
genius  for  refinement  and  culture. 

That  a  fundamental  relation  exists  lx»tween  earth  science  and 
history  will  not  be  disputed.  It  is  not  the  purpose  of  this  paper  to 
discuss  this  question  in  all  its  minuteness,  but  to  offer  some  few 
thoughts  as  to  how  this  particular  vital  relationship  can  be  made 
to  serve  the  purpose  of  true  culture  in  educational  discipline. 
Geography  can  and  does  do  much  but  it  can  not  do  all.  Greece 
benefited  greatly  because  of  her  geographic  position,  but  that  did 
not  bring  about  her  peculiar  individuality.  During  the  centuries 
that  she  lived  her  isolated  land-locked  and  island-bound  existence, 
surrounded  by  perfect  climatic  conJiti  )ns,  through  her  native  love 
of  perfection  she  ^^d  and  fensted  and  grew  beautiful,  not  only 
because  of  her  innate  ability  and  willingness  to  respond  to  these 
conditions  but  because  she  deliberately  set  herself  the  task  of 
learning  how  to  respond.  It  has  been  said  that  neither  the  Greeks 
in  any  other  country  nor  any  other  people  in  Greece  could  have 
been  what  the  Greeks  in  Greece  became.  Blood  and  home  make 
the  man!  Neither  alone  can  perform  its  p)erfect  work,  for  it  is 
the  conscious,  intelligent  and  original  response  to  environment 
that  is  necessary.  Of  all  the  countries  of  Europe  Greece  is  that 
part  of  Europe  most  like  the  entire  continent.  It  is  Europe  in 
miniature,  with  all  its  ragged  coast  line,  peninsulas  and  islands,  and 
most  clearly  typifies  European  civilization.  Too  far  to  the  east 
to  be  kindled  by  the  fiery  zeal  of  exploration  and  colonization  that 
so  early  affected  the  western  outposts  of  the  continent,  Spain, 
Holland  i  nd  Scandinavia,  she  lived  her  beautiful  life  in  comparative 
peace,  and  the  energy  of  this  most  European  of  all  P2uropean 
countries  was  turned  to  that  of  producing  the  highest  and  best 
culture  the  world  has  ever  known,  that  of  making  men  "four 
cornered  without  defect."  Italy  has  had  the  distinction  of  being 
the  center  of  the  world's  political  civilization  but  never  the  center 
of  originality.  This  second  southern  peninsula  presents  a  second 
necessary  effort  in  European  civilization.  Rome  subdued,  domi- 
nated  and  organized  through  the  indomitable  strength  of  her 
impregnable  position  plus  the  iron  energy  of  her  personality,  but  to 
Greece  belongs  the  genius  of  originality,  and  cultured  minds  of  all 
ages  have  been  her  reverent  disciples.  Thus  each  nation  finds  its 
own  key  in  which  to  vibrate  in  this  harmony  of  history.  Germany 
pulsates  with  the  deep  organ  tones  of  her  rugged  simplicity  and 
love  of  scientific  truth,  France  thrills  with  the  lighter,  gayer  activi- 
ties of  fashion  and  fancy,  England  throbs  with  the  rich  cathedral 
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music  of  its  Anglo-Saxon  traditions,  influences  and  possessions, 
while  America  is  said  to  almost  growl  out  her  practical  tones  of 
Rooseveltian  strenuousness.  But  each  vibration  has  its  work  to 
perform  and  all  are  needed  in  the  symphony  of  creation. 

The  culture  epoch  idea  presents  the  thought  that  the  child  in  its 
growth  imitates  the  development  of  a  race,  each  period  of  its 
advancement  being  clearly  marked  by  its  appeal  to  different 
interests  until  at  last,  like  the  groping  nation  in  its  struggles  for 
existence,  through  a  series  of  evolutionary'  steps  finds  itself  in  the 
larger  and  fuller  realm  of  conscious  personality.  This  self-finding 
is  the  very  essence  of  culture  and  by  culture  is  not  intended  the 
superficial  meaning  that  is  often  applied  to  it  in  the  popular  and 
mistaken  use  of  the  word.  Culture  is  neither  an  accumulation 
of  facts,  that  reflect  little  credit  on  either  the  pupil  or  the  instructor, 
nor  an  aping  of  the  so  called  polish  of  the  dilettante  nor  a  wise 
marionetteUke  nodding  over  the  obscure  meanings  of  Browning, 
that  only  affirm  an  entirely  false  conception  of  the  standards  of 
living. 

Plant  culture  is  not  the  breaking  of  the  seed  into  expressions  of 
life — this  is  germination — but  the  careful  nurture  of  the  little 
individual  in  order  that  it  shall  be  given  every  opportunity  for 
self-development.  Education  does  for  the  human  mind  what  the 
soil,  moisture,  air  and  sunshine  do  for  the  seed,  draws  it  out,  causes 
it  to  unfold  to  the  facts  of  life,  but  culture  offers  an  opportunity 
and  a  method  for  self-discovery.  John  Addington  Symonds  declares 
<:ulture  to  mean  the  "raising  of  previously  educated  intellectual 
faculties  to  their  highest  potency  by  the  conscious  effort  of  their 
possessors,'*  that  is,  "self-effectuation"  which  is  the  highest  end  of 
culture.  The  word  "faculties"  as  used  here,  so  long  a  part  of  the 
nomenclature  of  the  older  psychology,  still  clings;  but  it  is  evident 
that  the  mind  activity  as  a  whole  is  expressed  from  his  later  use  of 
the  word  "self-effectuations."  This  is  certainly  an  expression  of 
self  as  an  individual,  a  unified  whole  and  stands  for  character. 
A  definition  more  in  accord  with  the  Herbartian  idea  would  be,  the 
adequate  exercise  of  every  native  capacity  in  order  to  obtain  the 
highest  mental  potency.  Some  of  our  deepest  students  of  culture. 
En  erson,  Arnold,  Goethe,  Shakspere,  have  all  laid  great  stress 
uj^on  the  creative  power  of  the  mind.  Matthew  Arnold  said  that 
"the  highest  function  of  man  is  a  free  creative  activity,"  and 
President  Eliot  speaks  of  this  same  ability  both  as  a  "constructive 
in- agination,"  that  power  to  create  a  whole  from  fragments  or  the 
perfect  conception  from  bits  of  the  perfect  found  in  widely  sepa- 
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rated  places;  and  the  "receptive  imagination  which  entertains  and 
holds  fast  the  visions  genius  creates  or  the  analogies  that  nature 
suggests."  These  two  functions  of  the  mind  have  long  been 
recognized  in  literature,  poetry  and  art  and  as  knowledge  increases 
and  better  methods  prevail,  are  becoming  all  important  factors  of 
scientific  and  historical  teaching. 

Geography  offers  from  the  beginning  constant  exercises  in  this 
direction.  Maps  and  charts  are  but  attempts  to  depict  the  real 
in  an  imaginary  way ;  but  if  these  symbols  do  not  bring  with  them 
the  strength  and  force  of  reality  they  are  meaningless.  Sand 
tables,  field  lessons  and  the  problems  of  the  laboratory  have  done 
much  to  vivify  the  work.  Everywhere  the  increased  excellence  in 
methods  of  presentation  is  seen  and  felt  in  the  vital  growth  of  the 
pupil  expressed  in  power  to  observe  fully,  describe  with  accuracy 
and  to  form  correct  inductions  and  deductions.  This  is  an  onward 
step,  but  it  is  not  all  that  is  comprised  in  the  term  "culture." 
The  capacity  for  constructiveness  as  well  as  receptiveness  is  an 
inherent  part  of  human  nature.  When  we  read  history  with  a 
thrill  of  imagination  or  Shakespere  "with  the  heart,"  or  when  we 
watch  the  squirrel  gathering  his  winter  supply  or  the  "robins 
pairing  and  nesting  in  the  trees,"  and  learn  the  lessons  thereby, 
we  are  so  much  nearer  the  true  idea  of  culture  which  has  always 
included  quick  perceptions  and  receptivities,  broad  sympathies 
and  the  keenest  sensitiveness  to  the  manifold  relations  of  environ- 
ment. It  was  once  my  good  fortune  to  be  one  of  a  party  that 
strolled  with  John  Burroughs  one  lovely  spring  day  over  the 
motmtain  that  led  to  the  famous  little  "Slabsides"  and  I  can  never 
forget  with  what  infinite  tenderness  he  stooped  to  lift  the  drooping 
head  of  some  little  wood  flower  as  he  would  have  put  his  kindly 
hand  gently  under  the  chin  of  a  very  little  child.  The  sympathy 
was  very  strong  and  very  simple. 

Culture  is  a  process  and  must  begin  in  infancy.  The  kinder- 
garten is  based  upon  these  principles  of  self -disco  very  and  self- 
control.  Nowhere  is  the  field  broader  or  the  opportunity  greater 
than  in  the  unfolding  of  this  vital  connection  between  earth  science 
and  history  until  through  the  disciplinary^  process  of  secondary  and 
college  training  the  youth  is  made  to  live  in  an  atmosphere  of  the 
subject  he  is  pursuing  and  to  see  individuals,  continents,  nations 
and  races  in  their  totality  and  to  recognize  himself  as  part  of  the 
whole.  This  makes  for  the  truest  culture  and  its  outcome  is  the 
inalienable  right  of  citizenship  and  the  endowment  of  character. 
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REPORT  OF  COMMITTEE  OR  LABORATORY  EXERCISES  IN  PHYSIOGRAPHY 

The  report  of  the  committee  on  laborator}^  exercises  in  physiog- 
raphy was  made  the  basis  of  a  handbook  published  by  the  State 
Education  Department.  It  contains  directions  for  performing  the 
laboratory  exercises  in  physiography  in  the  new  syllabus  and  will 
be  furnished  without  charge  for  the  use  of  teachers  and  students  in 
the  laboratory. 

Frank  L.  Bryant,  Erasmus  Hall  High  School,  Brooklyn 
Clara  B.  Kirchwey,  Teachers  College,  New  York  city 
Jennie  T.  Martin,  Buffalo  Central  High  School 
W.  W.  Clendenin,  Wadleigh  High  School,  New  York 
William  T.  Morrey,  Morris  High  School,  New  York 
A.  L.  Arey,  Girls  High  School,  Brooklyn 

Committee 

Section  D— MATHEMATICS 

THE  NATURE  OF  APPLIED  PROBLEMS  IN  ALGEBRA 

BY     DAVID    EUGENE     SMITH     LL.D.,     PROFESSOR    OF     MATHEMATICS    IN 
TEACHERS   COLLEGE,   COLUMBIA    UNIVERSITY,    NEW    YORK 

Two  schools  of  mathematics 

From  a  time  so  remote  as  to  deserve  being  designated  as  immemo- 
rial there  have  been  two  distinct  schools  of  mathematicians.  The 
first  in  point  of  time  and  numbers,  though  not  of  influence,  is  the 
school  of  practical  mathematicians,  the  men  who  made  our  com- 
mercial arithmetic,  settled  oar  methods  of  computing,  furnished 
our  genuine  problems  in  mensuration  and  mechanics,  and  used  the 
mathematics  of  the  theorists  as  far  as  they  had  need  for  them. 
The  second  school  is  that  of  the  theorists,  the  dreamers  in  the 
science  and  the  mystery  of  numbers,  the  logicians  who  built  up  our 
geometry,  and  the  men  who  have  posed  or  ranked,  and  now  rank  or 
pose,  as  original  investigators.  The  smaller  minds  in  each  school 
have  always  affected  to  look  down  upon  the  minds  of  the  other,  but 
the  larger  minds  have  sought  rather  to  appreciate  to  the  full  the 
thoughts  and  labors  and  aspirations  and  results  of  the  masters  in 
both  fields.  So  Thales,  who  in  times  remote  founded  the  science 
of  geometry,  was  one  of  those  who  did  not  scorn  to  use  that  science 
for  practical  ends,  and  Archimedes  of  ancient  Syracuse,  and  Heron 
of  Alexandria,  and  Newton,  Laplace,  Lagrange,  Kelvin,  and 
Klein,  are  among  the  multitude  of  those  who  are  imbued  with  this 

me  all-embracing  spirit. 
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In  our  day  we  are  not  free  from  the  old  distinction,  and  the 
world  will  probably  never  break  down  the  barrier.  On  the  one  side 
the  inquiry  will  be  raised,  Cui  bono?  What  is  mathematics  good 
for?  What  are  the  genuine  applications?  And  on  the  other  side 
the  dogma  of  mental  discipline  will  be  sounded  forth  from  the 
minarets  of  the  city,  and  the  faithful  will  be  admonished  that 
utility  is  the  aim  of  inferior  intellects. 

Now  two  such  schools  of  thought  can  not  exist  through  the 
centuries  without  each  having  the  support  of  truth.  There  is  never 
any  continuity  founded  upon  falsehood.  Hence  it  comes  that  the 
world's  best  teachers  have  always  sought  the  truth  in  each  of  these 
schools.  They  have  recognized  the  value  of  pure  mathematics 
per  se,  but  they  have  also  recognized  the  value  of  the  science  as  it 
measured  up  in  one  way  or  another  the  quantitative  side  of  human 
life. 

Let  us  see,  for  example,  what  has  been  done  in  our  day  for 
arithmetic,  that  we  may  estimate  more  clearly  the  possibilities 
for  reform  along  the  higher  lines  of  algebra. 

The  question  in  relation  to  arithmetic 

Now  in  arithmetic  no  considerable  number  of  people  seriously 
think  of  banishing  the  drill  work  with  abstract  numbers.  The 
ability  to  work  rapidly  and  accurately,  developed  by  centering 
the  thought  on  the  operation  itself  and  not  on  the  interpretation 
of  a  problem,  is  considered  vital.  It  is  here  that  students  are 
the  most  deficient  when  they  enter  college,  and  there  is  a  just  com- 
plaint in  business  that  this  phase  of  work  is  unduly  neglected.  On 
the  other  hand  no  one  would  think  of  having  no  concrete  problems, 
in  which  the  pupils  should  translate  a  question  into  the  language 
of  number  and  answer  it  in  that  language.  The  chief  dispute  of 
late  has  been  as  to  the  nature  of  these  concrete  problems.  There 
are  several  possibilities  for  them: 

1  They  may  be  mere  puzzles,  with  no  reference  to  practical  life. 
Such  puzzles  are  not  without  their  value.  They  often  arouse  an 
interest  through  their  very  absurdity,  as  in  the  7  cats  killing  7  rats 
in  7  minutes,  or  through  their  evident  impracticability,  as  in  the 
pipes  filling  the  cistern.  But  no  one  would  advocate  more  than  a 
few  such  problems,  and  common  sense  would  suggest  scattering 
them  so  as  to  recognize  their  peculiar  value  of  enlivening  the  game 
that  is  being  played  in  a  mathematical  course. 

2  They  may  be  obsolete  business  problems  as  well  as  modern 
ones,  on  the  principle  that  the  reasoning  involved  is  quite  as  good 
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with  unreal  as  with  real  examples.  This  would,  of  course,  be  a 
sound  enough  argument  if  it  were  not  for  the  fact  that  it  is  unneces- 
sary' to  give  false  ideas  of  the  business  world  about  us.  Since  just 
as  good  reasoning  can  be  obtained  from  genuine  problems  ^s  from 
those  that  give  a  distorted  idea  of  practical  life,  the  latter  become 
pernicious.  Such  are  problems  in  equation  of  payments,  partner- 
ship involving  time,  and  alligation,  all  of  which  have  been  banished 
from  modem  arithmetics. 

3  They  may  be  genuine  business  problems  gleaned  from  the 
world  about  us,  types  of  what  the  child  is  to  meet,  examples  with 
an  interesting  and  valuable  content,  questions  that  relate  to  the 
country's  resources,  to  the  daily  life  of  our  people,  to  the  interests 
of  the  living  rather  than  of  the  dead.  All  modem  writers  on 
arithmetic  seek  such  problems,  and  it  is  only  a  matter  of  patience 
to  find  them  in  large  supply.  Such  problems  are  sometimes  criti- 
cized, but  these  criticisms  will  not  deter  their  growth  and  extensive 
use  with  all  textbook  makers  and  all  modern  teachers.  They  are 
here  to  stay. 

The  question  in  relation  to  algebra 

Now  how  is  it  with  our  algebra?  Are  the  conditions  similar  to 
those  of  arithmetic?  Have  we  an  inherited  mass  of  problems  as 
open  to  criticism  as  the  conglomeration  of  arithmetical  examples 
that  have  come  down  to  us  in  considerable  measure  from  the  1 5th 
century?  In  other  words,  are  there  types  to  be  considered  cor- 
responding to  those  already  mentioned  in  arithmetic? 

1  What  about  the  abstract  work?  It  is  not  in  the  province  of 
this  paper  to  elaborate  this  topic.  But  briefly  it  may  be  asserted 
as  probably  not  open  to  serious  objection  that  there  must  be  the 
same  mechanical  efficiency  here  as  in  arithmetic,  and  this  better 
comes  from  manipulating  a  large  number  of  abstract  functions  than 
from  solving  a  smaller  number  of  concrete  problems.  Facility, 
certainty,  accuracy  in  this  work  are  indispensable  in  all  higher 
analysis  and  applied  mathematics.  This  must,  therefore,  stand 
about  as  now,  save  that  we  might  better  the  sequence,  merely  elimi- 
nating absurd  concatenations  that  are  never  met,  and  substituting 
forms  that  are  common  in  later  work. 

2  What  shall  be  done  with  the  puzzles?  My  hope  is  that  they 
may  be  retained  within  reason,  simply  for  the  amusement  and 
interest  that  attach  to  them.  If  their  value  in  this  line  is  recognized, 
they  arc  not  open  to  objection.     No  student  considers  ver\'  seriously 

nroblem  about  finding  a  number  which  increased  by  a  seventh  of 
f  equals  iq  (historically  the  oldest  problem  involving  a  linear 
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equation  that  has  come  down  to  us).  It  is  interesting,  it  furnishes 
some  valua.ble  exercise,  and  as  a  type  it  is  unobjectionable  if  used 
in  moderation. 

3  But  what  is  the  outlook  for  genuine  problems?  Can  we 
regenerate  algebra  as  we  have  regenerated  arithmetic?  Is  there  a 
field  in  which  algebra  is  really  used,  and  which  at  the  same  time 
is  one  that  the  pupil  is  prepared  to  enter?  Can  we  touch  life  with 
the  equation,  tell  any  of  the  story  of  humanity  with  the  formula, 
and  give  to  a  function  a  genuine  social  content?  If  we  can  not 
vitalize  algebra,  would  it  not  be  better  to  reduce  it  in  quantity, 
with  the  confession  that  its  mere  educational  value  does  not  warrant, 
and  that  advanced  mathematics  does  not  need,  the  expenditure  of  a 
year  and  a  half  of  a  pupil's  time  in  the  manipulation  of  abstract  and 
.  seemingly  useless  functions  ? 

Personally  I  am  an  optimist  here  as  elsewhere.  I  believe  that 
if  we  search  out  uses  for  algebra,  aside  from  the  uses  of  the  subject 
in  higher  studies,  we  shall  find  them.  While  I  am  forced  to  admit 
that  we  do  not  have  a  large  number  now,  I  believe  it  is  because 
we  have  hardly  begun  to  look  for  them.  Twenty  years  ago  a 
genuine  American  problem  in  arithmetic  was  somewhat  of  a  rarity ; 
people  said  it  was  necessary'-  to  preserve  the  inheritances  because 
we  had  nothing  as  good  to  substitute;  but  today,  authors  are 
finding  plenty  of  genuine  appHcations,  and  they  find  them  simply 
because  they  look  for  them. 

The  possibilities  for  algebra 

Now  what  are  the  possible  fields  for  algebra?  In  the  first  place 
there  is  the  formula,  the  most  natural  of  all  introductions  to  algebra. 
Instead  of  having  a  pupil  begin  by  manipulating  a  lot  of  meaningless 
functions,  it  is  perfectly  feasible  to'  let  him  see  at  least  one  use  of 
algebra  by  beginning  with  genuine  formulas.  Happily  the  field  is 
here  a  fertile  one.  The  artisan's  journals  furnish  many  illustrations, 
the  business  rules  of  arithmetic  furnish  others,  and  elementary 
science  supplies  still  more.  Opposed  as  I  am  to  turning  our  classes 
in  mathematics  into  classes  in  physics,  I  am  still  aware  that  every 
child  entering  the  high  school  knows  enough  of  natural  laws  to 
appreciate  formulas  on  the  lever  and  on  uniform  motion.  Formulas 
embodying  the  most  common  cases  in  general  percentage,  in 
interest,  and  in  discount  are  not  only  easily  understood  by  children, 
but  they  illustrate  one  of  the  chief  uses  of  the  algebra  of  which 
they  are  beginning  the  study.  Hence  there  is  abundant  material 
of  this  kind  for  the  first  steps  in  the  new  science,  material  that  is 
interesting,  that  is  valuable,  that  is  related  to  human  life,  and  that 
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is  practical  for  the  artisan,  the  merchant  and  the  business  man 
generally.  Once  the  interest  in  such  formulas  is  aroused,  this 
interest  will  help  to  hold  the  pupil  to  his  work  in  the  fundamental 
operations  with  abstract  functions.  But  I  am  not  without  hope 
that  even  in  the  latter  field  a  line  of  applications  will  be  found, 
just  as  we  find  this  line  in  arithmetic  on  the  one  hand  and  calculus 
on  the  other. 

The  next  field  of  applications  that  has  proved  fertile  thus  far  is 
related  to  the  negative  number.  Instead  of  approaching  this 
subject  from  the  abstract  side,  or  with  the  help  of  the  single  illus- 
tration of  debt  and  credit,  we  now  have  abundant  material  of  which 
the  teacher  can  take  advantage.  Chronology,  latitude,  longitude, 
temperature,  assets,  games,  the  numbering  of  east  and  west  streets, 
opposed  forces,  and  many  other  similar  lines  of  practical  applica^ 
tions  make  the  negative  number  seem  as  real  and  as  usable  today 
as  is  the  positive. 

The  linear  equation  with  one  unknown  also  offers  abundant 
practical  material.  One  has  only  to  seek  and  he  finds.  Percentage 
problems  are  particularly  valuable  in  showing  the  practical  uses  of 
the  linear  equations,  although  the  field  is  by  no  means  limited  to 
this  group  of  applications.  I  should  therefore  look  with  suspicion 
on  any  algebra  which  should  appear  today  without  a  considerable 
number  of  honest  business  problems  under  this  head,  problems  that 
are  interesting,  valuable,  informative,  and  as  full  of  mental  discipline 
as  the  old  inheritances  that  have  come  down  to  us  through  the 
middle  ages. 

In  the  study  of  ratios,  with  those  particular  subtopics  known  as 
proportion  and  variation,  we  have  an  abundance  of  applications 
that  are  of  the  best  type  of  excellence;  problems  with  a  genuine 
content,  but  not  involving  technicalities  beyond  the  understanding 
of  the  pupil. 

When  we  come  to  linear  equations  with  two  unknowns,  however, 
we  are  not  so  fortunate,  and  if  we  increase  the  number  of  unknowns 
to  three  or  more  we  have  practically  no  good  applications  in  any  of 
our  books.  As  a  result  we  find  ourselves  resorting  to  the  mere 
puzzle,  to  some  absurd  hypothetic  case  (which  is  the  same  thing), 
or  to  some  unreal  concrete  question.  To  be  sure  we  can  clothe  the 
problem  in  concrete  language,  as  in  finding  the  temperature  at 
which  the  number  of  degrees  Fahrenheit  is  {\\e  times  the  number 
centigrade,  but  such  problems  do  not  seem  genuine,  and  really  are 
not  so.  About  the  best  class  of  problems  of  this  kind  at  present 
available  is  that  relating  to  the  mixing  of  metals  or  of  solutions, 
but  the  field  is  soon  exhausted. 
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In  the  matter  of  quadratics  we  are  still  more  troubled  to  find 
genuine  applications.  Physical  questions,  like  the  well  known 
problem  of  the  point  of  equal  illumination  of  two  lights  and  certain 
problems  relating  to  moving  bodies,  help  us  a  little.  They  usually 
fail,  however,  because  they  involve  technicalities  beyond  the 
knowledge  of  the  pupil.  We  therefore  find  ourselves  today  with 
practically  no  good  applications  in  quadratics. 

I  have  now  laid  before  you  the  general  issue.  Let  me  recapitu- 
late. 

1  If  we  can  secure  genuine,  vital  problems  of  the  day,  to  illustrate 
the  various  chapters  of  algebra,  we  shall  gain  in  the  interest,  and  we 
shall  at  the  same  time  enhance  the  practical  value  of  the  subject 
without  detracting  from  the  educational  value.  This  has  been  done 
in  arithmetic,  and  it  may  be  hoped  for  in  algebra. 

2  In  certain  lines  we  can  find  plenty  of  practical  problems, 
although  textbook  makers  have  not  as  yet  availed  themselves  of 
this  material.  These  lines  are  notably  the  study  of  the  formula, 
probably  the  most  practical  part  of  all  algebra,  and  the  linear 
equation  with  one  unknown  w^hich  ranks  a  close  second  in  the 
matter  of  usableness.  To  these  may  be  added  the  negative  number, 
and  the  graph  which  is  so  closely  connected  with  it.  The  algebraic 
graph,  however,  is  not  of  so  great  practical  importance  as  is  generally 
assxmied.  There  may  also  be  added  the  study  of  ratio  in  its  largest 
sense,  and  the  complex  nimiber. 

3  In  the  work  in  simultaneous  equations  and  in  quadratics  we 
have  brought  together  only  a  very  small  number  of  good  practi- 
cal appHcations.  It  is,  therefore,  to  this  field  of  work  that  I  invite 
your  particular  attention.  I  do  not  believe  that  we  should  give 
up  the  matter  and  say,  "It  is  hopeless,"  "There  are  no  such  appli- 
cations," "What  is  the  use  of  bothering  with  the  matter  so  long  as 
the  examining  bodies  remain  asleep  to  the  issue?"  Just  as  some 
of  our  best  teachers  have  discovered  of  late  a  wide  range  of  practical 
and  easily  understood  formulas,  notably  in  artisans'  journals  and 
handbooks;  just  as  the  number  of  illustrations  of  what  was  once  so 
puzzling,  the  negative  number,  have  been  discovered;  just  as  the 
linear  equation  has  of  late  come  to  be  used  extensively  in  throwing 
light  upon  many  involved  problems  of  arithmetic,  so  I  have  faith 
that  we  shall  yet  find  genuine  appHcations  for  our  simultaneous 
equations  and  quadratics.  It  is  worth  much  for  us  to  get  together 
like  this  and  face  the  issue.  It  is  helpful  to  clear  the  atmosphere 
and  see  where  we  stand.  We  can  never  solve  a  problem  until  we 
know  what  it  is,  and  if  you  and  I  know  the  goal  we  may,  at  least  by 
our  sympathy,  assist  others  in  attaining  it. 
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I  know  very  well  that  this  suggestion  will  stimulate  some  to  be 
on  the  lookout  for  genuine  applications,  that  it  will  have  an  almost 
equal  value  of  making  a  larger  number  sympathetic  with  education- 
al advance,  but  that  it  will  be  entirely  misunderstood  by  a  small 
minority.  For  if  it  be  said  that  this  is  an  appeal  for  utilitarian 
mathematics  as  against  cultural,  I  have  lamentably  failed  in  pre- 
senting my  case.  My  appeal  here,  as  in  arithmetic,  is  simply  this: 
Let  us  cast  away  pretense  and  sham  in  our  applied  problems;  let 
us  have  them  stand  on  their  merits  as  puzzles,  like  the  number 
guessing,  as  interesting  inheritances  like  the  cistern  pipes  and  the 
couriers,  or  as  real  and  usable  applications  taken  from  the  com- 
mercial, the  scientific,  or  the  social  life  of  today.  Let  us  neglect  no 
necessary  abstract  work;  let  us  drill  upon  processes  until  they 
become  mechanical;  but  let  us  make  the  subject  more  interesting 
by  honest  applications,  more  valuable  by  a  study  of  real  conditions, 
more  inspiring  by  furnishing  a  key  to  new  chambers  in  the  quantita- 
tive structure  through  which  we  pass.  Above  all,  let  us  not  despair 
of  doing  all  this,  rather  taking  hope  at  the  success  in  already 
finding  applications  not  thought  of  only  a  few  years  ago,  and 
stimulating  by  our  sympathetic  interest  all  who  are  laboring  with 
honest  purpose  to  improve  our  algebraic  teaching,  to  rejuvenate 
this  the  third  oldest  of  the  mathematical  sciences,  and  to  make 
attractive  a  subject  which  has  of  late  become  rather  the  most 
gloomy  of  the  antechambers  through  which  the  student  passes  to 
reach  the  vital,  progressive,  pure  mathematics  that  lies  beyond. 

THE  PURPOSE  AKD  METHOD  OF  THE  STUDY  OF  ALGEBRA  IN  OUR  SECONDARY 

SCHOOLS 

BY    E.    P.    SISSON,    COLGATE    ACADEMY,    HAMILTON 

By  secondary  schools  I  mean  the  high  schools  and  academies. 
The  purpose  of  the  study  of  algebra  is  twofold:  (i)  disciplinary', 
(2)  practical. 

1  The  development  or  training  of  the  mind  in  regular  and  syste- 
matic action  is  discipline,  therefore  the  logical  faculties  are  em- 
phasized. Much  attention  is  given  to  answering  the  *'why,"  for 
each  step  in  the  process. 

2  The  practical  emphasizes  the  results,  and  therefore  calls 
attention  primarily  to  the  "how."  The  answer  is  the  first  con- 
sideration in  the  student's  mind. 

I  presume  no  teacher  of  algebra  keeps  but  one  of  these  purposes 
in  mind,  but  rather  his  thought  is  upon  which  purpose  shall  the 
emphasis  be  given. 
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From  my  observation  algebra  is  the  most  poorly  taught  of  all 
mathematical  subjects  in  our  secondary  schools;  arithmetic  next 
and  plane  geometry  the  best. 

No  one  of  these  three  subjects  is  so  logically  developed  and 
taught  as  plane  geometry.  There  is  no  reason  why  algebra  and 
arithmetic  can  not  be  presented  in  just  as  systematic  and  logical 
order,  to  our  pupils,  as  plane  geometry. 

In  our  arithmetics  we  find  definitions,  rules,  examples  and  in 
most  cases  answers  to  the  examples,  and  a  few  examples  solved 
by  way  of  illustration.  Most  of  our  algebra  texts  are  made  up  the 
same  way,  with  this  exception,  that  the  tendency  is  to  omit  the 
answers  to  the  examples  in  the  algebraic  texts.  I  would  like  to  see 
every  rule  and  answer*  omitted  from  all  textbooks  in  arithmetic  and 
algebra,  also  all  model  solutions  of  examples,  and  thus  give  the 
student  an  opporttmity  to  think  and  do  for  himself;  and  I  imagine 
that  some  of  our  teachers  would  have  an  opportunity  to  do  more 
independent  work  as  well,  which  would  not  be  a  bad  thing. 

The  method  of  presenting  a  subject  depends  to  a  large  degree 
upon  the  purpose.  The  method  is  also  dependent  upon  the  age 
and  advancement  of  the  pupils. 

All  conditions  should  be  carefully  studied  and  taken  into  account 
before  a  teacher  decides  in  detail  upon  the  method  he  or  she  adopts 
in  presenting  a  subject  to  a  class. 

It  is  my  firm  belief,  after  many  years  of  experience  in  teaching 
arithmetic  and  algebra,  that  the  method  that  emphasizes  the  dis- 
ciplinary purpose  in  education  gives  far  the  best  results  in  making 
our  boys  and  girls  strong,  independent  and  logical  thinkers,  thus 
training  them  for  leaders  instead  of  mere  machines  and  walking 
encyclopedias.     Knowledge  is  not  intellectual  power. 

The  tendency  today  of  our  methods  in  our  secondary  schools  is 
a  smattering  of  many  subjects  :  knowing  a  little  about  many 
things  but  a  master  of  none. 

In  my  opinion  the  best  results  are  obtained  by  teaching  algebra 
as  a  logical  subject  and  developing  the  subject  with  the  same  degree 
of  careful  reasoning  as  in  plane  geometry. 

The  order  of  each  general  topic  in  algebra  may  be  presented  in  a 
general  way  as  follows :   (This  I  give  by  way  of  illustration.) 

1  Define  the  mathematical  terms  used  only  in  the  topic  tmder 
consideration. 

2  State  the  corollaries  that  are  derived  from  the  definitions  given. 

3  State  the  axioms  used. 

4  The  propositions,  which  will  include  the  theorems  and  the 
problems,  and  their  demonstrations. 


^wv^ 
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5  The  corollaries  that  are  established  in  the  demonstrations  of 
the  propositions. 

6  The  application  of  the  propositions  demonstrated,  which  is  the 
solving  of  the  examples. 

Division 
I  will  illustrate  my  meaning  by  the  topic  of  division,  treating  the 
topic  broadly  so  as  to  include  the  forms  of  division  called  fractions 
and  ratio. 

1  Definitions 

Dividend,  divisor,  quotient,  division,  reciprocal,  fractional 
term,  integral  term,  integral  expression,  fractional  expres- 
sion, mixed  expression,  rational  expression,  degree  of 
term,  degree  of  an  expression 

2  Corollaries  from  the  above  definitions 

a  The  product  of  the  divisor  and  quotient  is  the  dividend. 
b  If  the  dividend  and  divisor  are  the  same  expression  the 
quotient  is  positive  one. 

3  Axiom 

a  Dividing  any  expression  by  positive  one  does  not  change 
the  expression. 

4  Propositions 

a  Dividing  by  a  number  is  equivalent  to  multiplying  by  its 

reciprocal. 

b  The  quotient  is  the  same  in  whatever  order  the  factors  of 

the  divisor  are  multiplied. 

c  The  quotient  is  the  same  in  whatever  manner  the  factors 

of  the  divisor  are  grouped. 

d  If  the  dividend  is  positive  the  quality  of  the  quotient  is 

the  same  as  that  of  the  divisor;   if  negative,  the  quality  of 

the  quotient  is  opposite  to  that  of  the  divisor. 

e  The  product  of  two  or  more  quotients  (or  fractions)  is 

equal  to  the  product  of  the  dividends  divided  by  the  product 

of  their  divisors  and  conversely. 

/  The  quotient  of  the  mth  power  of  any  base  divided  by 

its  nth  power  equals  the  (m-nth)  power  of  that  base,  when 

m  is  equal  to  or  greater  than  n. 

g  Any  base  with  zero  as  an  exponent  is  equal  to  plus  one. 

h  The  quotient  of  one  expression  divided  by  another  equals 

the  sum  of  the  quotients  obtained  by  dividing  the  parts  of 

the  first  expression  by  the  second. 

i  Multiplying  or  dividing  both  the  dividend  and  the  divisor 

by  the  same  number  does  not   change  the  value  of  the 

quotient  or  fraction. 
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;  The  reciprocal  of  a  fraction  is  equal  to  the  fraction  inverted. 
S  Problems 

a  To  divide  any  number  by  a  fraction,  multiply  the  number 
by  the  fraction  inverted. 

b  To  multiply  a  fraction  by  any  number,  multiply  the 
dividend,  or  divide  the  divisor  by  that  number. 
c  To  divide  a  fraction  by  any  number,  divide  the  dividend, 
or  multiply  the  divisor,  by  that  number. 
I  will  illustrate  what  I  mean  by  the  demonstration  of  a  proposition 
by  the  following: 

The  product  of  two  or  more  quotients  is  equal  to  the  product  of 
their  dividends  divided  by  the  product  of  their  divisors  and  con- 
versely. 
Translation  of  the  above  in  algebraic  symbols, 

1  c/nXa/b=ca/nb 

2  ca/nb=c/nXa/b 
Demonstration 

1  Hypothesis:  The  product  of  two  or  more  quotients  or 
c/n  X  a/b 

2  Conclusion:  Is  equal  to  the  product  of  their  dividends 
divided  by  the  product  of  their  divisors,  or  ca/nb 

3  c/n  X  n  =  c 

Corollary:    The  product  of  the  quotient  and  divisor  is 
equal  to  the  dividend. 

4  a/b  X  b  =  a 

Same  authority  as  step  (3) 

5  c/n  X  a/b  X  nb  =:  ca 

Corollary:    If  two  identical  expressions  be  multiplied  by 
two  other  identical  expressions  the  products  are  identical. 

6  nb  =  nb 

Corollary:   Every  expression  is  identical  to  itself. 

7  c/n  X  a/b  X  nb/nb  =  ca/nb 

Corollary:  If  two  identical  expressions  be  divided  by  two 
other  identical  expressions  their  quotients  are  identical. 

8  c/n  X  a/b  X  I  =  ca/nb 

Corollary:  If  dividend  and  divisor  are  the  same  expression 
the  quotient  is  positive  one. 

9  c/n  X  a/b  =  ca/nb 

Axiom:    Multiplying  or  dividing  by  plus  one  does  not 
change  the  expression. 

10  ca/nb  =  c/n  X  a/b 

Axiom:  If  an  identity  is  true  its  converse  is  true. 
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The  pupil  must  have  a  clear  and  accurate  understanding  of  the 
terms:  proposition,  theorem,  corollary,  converse  of  a  proposition, 
demonstration. 

The  pupil  must  see  and  comprehend  that  a  demonstration  is 
made  up  of  a  series  of  mental  steps,  beginning  with  the  hypothesis 
and  ending  with  the  conclusion,  and  that  each  step  consists  of  two 
parts:  i)  The  statement  of  a  fact.  2)  The  authority  for  the  state- 
ment, which  is  always  found  before  the  proposition  demonstrated 
and  never  after  the  proposition. 

I  am  of  the  opinion  that  there  is  not  enough  attention  given  to 
the  definitions  of  the  terms  used.  The  pupil  should  both  commit 
and  clearly  understand  every  definition  under  each  topic. 

Each  topic  I  would  treat  in  the  same  general  order,  and  have 
every  proposition  rigidly  demonstrated  as  shown  above. 

Those  teaching  algebra  in  the  first  class  in  our  high  schools  could 
not  carry  out  this  method  with  the  same  degree  of  logical  severity. 
Still  the  method  in  general  need  differ  only  in  degree.  I  mean  by 
this,  have  the  pupils  learn  the  definitions,  corollaries,  axioms  and 
propositions,  but  let  the  teacher  present  the  demonstration  of  the 
propositions  very  carefully,  so  the  pupils  will  see  and  comprehend 
that  there  is  a  reason  for  every  step  taken  in  the  process. 

From  my  point  of  view  algebra  should  never  be  taught  sooner 
than  in  the  third  year  of  the  high  school  course,  and  even  then 
cover  a  less  number  of  topics  than  is  called  for  by  some  of  our 
colleges  of  today.  Quality  and  not  quantity  gives  mental  discipline. 
The  methods  used  today  in  teaching  algebra  in  many  schools 
emphasize  quantity  to  the  expense  of  quality  and  thus  encourage 
shallow  and  loose  thinking. 

.    The  world  today  is  calling  loudly  for  deep,  accurate  and  logical 
thinkers  and  not  simply  for  breadwinners. 

GRAPHIC  METHODS  IN  ELEMENTARY  ALGEBRA 
BY  WILLIAM   BETZ,   EAST   HIGH   SCHOOL,   ROCHESTER 

All  human  thought  moves  in  three  great  spheres,  namely.  Nature, 
Man,  God.  It  would  be  a  profitable  task  to  study  the  history  of 
education  with  reference  to  the  relative  predominance  of  one  or 
another  of  these  interests.  The  monastic  schools  of  the  Middle 
Ages  laid  their  greatest  stress  on  religious  training.  With  the 
*' revival  of  learning"  came  a  period  of  humanistic  studies.  The 
19th  century  brought  a  marvelous  d^evelopment  of  natural  science 
and  of  mathematics.  Nature  study  in  its  widest  sense  is  beginning 
to  receive  a  due  amount  of  attention  and  our  school  curricula  are 
becoming  more  harmonious. 
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The  method  of  investigation  in  natural  science  work  is  inductive. 
The  actual  conditions  under  which  natural  phenomena  take  place 
are  reproduced  in  the  laboratories,  and  experiments  are  performed. 
These  must  be  repeated  a  sufficient  ntimber  of  times  to  warrant  the 
derivation  and  enunciation  of  a  law.  Thus,  every  laboratory- 
experiment  is  a  question  addressed  to  nature,  and  the  result  of  the 
experiment  is  nature's  answer.  When  the  investigation  is  of  a 
quantitative  character,  results  are  expressed  numerically.  In  the 
simplest  cases  the  experiment  involves  one  independent  and  one 
dependent  variable.  The  problem  is  to  find  a  constant  relation 
between  them.  Two  sets  of  figures  are  finally  obtained.  One 
represents  the  successive  values  of  the  independent  variable;  the 
other,  of  the  dependent  variable.  Now,  it  is  evidently  the  desire 
of  every  investigator  to  communicate  his  results  to  others  in  the 
most  lucid  and  compact  form.  The  numerical  or  statistical  method 
alone,  it  was  found,  did  not  accomplish  this.  Who  has  not  heard 
of  dry  statistics?  The  solution  was  eventually  discovered  in  the 
drawing  of  diagrams  or  graphs,  usually  in  accordance  with  a  system 
perfected  nearly  three  centuries  ago  by  a  French  mathematician 
and  philosopher. 

This  is  another  instance  of  the  practical  utilization  of  a  tool 
devised  at  first  for  purely  theoretic  purposes.  When  Descartes, 
in  1637,  published  his  Geometry,  he  probably  did  not  realize  the 
possibilities  of  his  system.  His  genius  presided  at  the  marriage 
ceremonies  of  algebra  and  geometry,  producing  a  union  that  was  to 
revolutionize  science.  Lagrange,  in  his  fifth  lecture  on  elementary 
mathematics,  says: 

As  long  as  algebra  and  geometry  traveled  separate  paths  their 
advance  was  slow  and  their  applications  limited.  But  when  these 
two  sciences  joined  company,  they  drew  from  each  other  fresh 
vitality,  and  thenceforward  marched  on  at  a  rapid  pace  toward 
perfection.  It  is  to  Descartes  that  we  owe  the  application  of  alge^ 
bra  to  geometry, — an  application  which  has  furnished  the  key  to 
the  greatest  discoveries  in  all  branches  of  mathematics. 

The  fundamental  idea  of  the  graph  as  usually  drawn  is  so  simple, 
that  a  child  can  comprehend  it.  If  two  lines  (axes)  intersect  at 
right  angles,  any  point  in  the  plane  determined  by  the  lines  can  be 
located  if  we  know  its  distances  and  directions  from  the  lines. 
With  the  usual  convention  of  signs,  two  numbers  are  necessary  and 
sufficient  to  fix  a  point  in  this  plane.  An  infinite  number  of  points 
can  be  so  "plotted."  If  the  points  be  determined  in  accordance 
with  some  definite  law,  a  configuration  of  points  of  definite  geometric 
form  is  obtained.     If  the  law  is  expressed  algebraically,  this  con- 
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figuration  is  a  picture  or  graph  of  the  algebraic  form  or  function. 
A  graph,  then,  is  really  a  pictorial  representation,  a  condensed 
record,  of  related  sets  of  numerical  facts.  One  set  of  facts  is  repre- 
sented on  one  axis,  the  horizontal,  the  second  on  the  other  axis, 
the  vertical.  Points  between  the  axes  will  show  precisely  which 
facts  are  related.  If,  for  instance,  equal  divisions  are  laid  off  on 
the  horizontal  axis  to  represent  units  of  time,  and  equal  divisions 
on  the  vertical  axis  represent  tmits  of  temperature,  any  point  in 
the  plane  of  the  axes  will  show  that  at  a  certain  time  there  prevailed 
a  certain  temperature.  The  line  joining  a  number  of  these  points 
for  consecutive  tmits  of  time  gives  a  record  of  the  temperatures 
during  the  interval  of  time  considered — it  is  the  thermograph  for 
that  period  of  time. 

Frequently  several  sets  of  facts  are  closely  related.  It  may  be 
important,  for  instance,  to  know  what  influence  the  price  of  food 
has  on  wages,  how  tariff  affects  wages  and  how  agricultural  pros- 
perity reacts  on  the  amount  of  exports  and  imports,  etc.  It  is 
only  necessary  to  draw,  on  the  same  axes,  the  graphs  of  the  wages, 
the  food  prices,  the  tariff  rates,  of  the  harvest  results,  for  the  same 
period  of  time,  to  derive  valuable  conclusions  as  to  the  interrelation 
of  these  facts. 

Evidently  the  range  of  appUcation  of  the  graphic  method  is  as 
wide  as  that  of  dependent  phenomena,  i.  e.  it  is  inexhaustible. 
This  gives  to  the  graphic  method  a  great  educational  value.  A 
recent  writer  says  that  the  present  mathematical  renaissance  has  **a 
triune  watchword — graphics,  correlation,  laboratory.*'  Whatever 
criticism  may  have  been  directed  against  correlation  and  laboratory 
methods  in  mathematics,  graphic  methods  are  now  indorsed  by  all 
progressive  teachers.     An  algebra  text  is  incomplete  without  them. 

When  and  how  shall  this  graphic  work  be  introduced  into  ele- 
mentary algebra?  Graphs  can  be  used  to  advantage  at  almost  any 
stage  of  the  high  school  curricultmi,  and  therefore  graphic  work 
should  begin  as  early  as  possible  during  the  first  year  of  the  high 
•school  course.  No  special  preparation  for  it  on  the  part  of  the 
pupil  is  required.  But  before  the  specifically  algebraic  applications 
of  the  graph  are  taken  up,  the  learner  should  be  given  a  certain 
amount  of  introductory^  work  impressing  upon  him  the  value  and 
beauty  of  this  method.  I  have  found  the  following  sequence  of 
topics  convenient. 

1  Weather  data  (thermograph,  barograph  etc.) 

2  Science  data 

3  Statistical  data,  relating  to 
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a  Population  (increase,  nationality  etc.) 

6  Natural  products  (agriculture,  mining) 

c  Municipal,   state   and   federal   administration    (taxation, 

postal  service) 
d  Exports  and  imports 

e  Industries  (amount  of  manufactures,  scale  of  prices) 
/  Commerce,  interest,  stocks  and  bonds,  insurance 
g  Economics  (wages,  strikes,  prices  of  food,  hours  of  labor, 

etc.) 
h  Hygienic  conditions  (mortality,  diseases) 
i  Religious  and  educational  conditions  (school  and  church 

attendance,  cost  of  maintaining  schools,  chiu-ches  etc.) 

4  Geometric  applications 

5  Algebraic  applications 

a  Solution  of  simple  problems  (preferably  motion  problems) 

b  Simple  functions  (ax  4-  b) 

c  Linear  equations  (ax  4-  by  =  c) 
Rule  of  intercepts  and  quadrants 

d  Simultaneous  linear  equations 

e  Simple  quadratic  equations  (circle,  ellipse,  parabola, 
hyperbola) 
No  one  class  should  attempt  all  the  preliminary  topics.  A  few 
words  of  explanation  may  be  necessary.  I  believe  that  the  thermo- 
graph constitutes  the  easiest  approach  to  the  subject.  The 
predecessors  of  Descartes  plotted  figures  by  rectangular  coordinates 
called  latitudes  and  longitudes.  I  would  follow  their  example 
only  to  the  extent  of  keeping  the  work,  at  the  beginning  of  the 
course,  in  the  first  quadrant.  Accurate  weather  data  may  be 
obtained  from  any  weather  bureau.  The  official  report  blanks 
contain  the  hourly  readings  and  the  averages  for  days  and  months. 
After  an  introductor>''  lesson  explaining  the  meaning  and  use  of 
squared  paper,  the  pupils  bring  a  "daily  thermograph."  Then 
follow  thermographs  of  the  daily  averages  of  one  month,  and  of 
the  averages  of  the  same  month  during  the  last  20  years.  (For  a 
description  of  similar  work  see  School  Science  and  Mathematics^ 
May    1905.) 

Science  data  developed  in  the  laboratories  of  the  school  will  be 
gladly  furnished  by  the  science  teachers.  Simple  experiments, 
such  as  the  weighing  of  pieces  of  crayon,  might  be  performed  before 
the  class. 

The  statistical  work  may  be  based  on  newspaper  and  almanac 
records,  on  the  reports  of  the  various  government  bureaus,  etc. 
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Valuable  information  is  contained  in  the  bulletins  of  the  Census 
Bureau,  or  of  the  Department  of  Commerce  and  Labor.  The  class 
should  be  shown  some  representative  diagrams,  and  should  then 
be  pennitted  to  plot  any  data  of  special  interest  to  them.  Some- 
times graphs  of  startling  originality  result.  The  pupils  enjoy  this 
work. 

A  simple  transition  from  the  first  to  the  other  quadrants  is 
furnished  by  the  geometric  applications.  The  law  of  signs  is 
readily  comprehended.  Geometric  figures  are  plotted  from  the 
coordinates  of  their  vertexes.  The  more  important  area  formulas 
are  deduced.  How  far  this  work  may  be  carried,  even  in  the  grades, 
Mr  Campbell  has  shown  in  his  admirable  book  on  observational 
geometry. 

Motion  problems  furnish  the  best  preparation  for  the  algebraic 
work  proper.  The  latter  is  presented  so  ably  in  the  recent  texts 
and  in  a  number  of  monographs,  that  it  would  be  a  waste  of  time  to 
consider  it  here. 

Graphic  work  need  not  consume  much  time.  After  one  or  two 
lessons,  a  few  minutes  at  a  time  will  be  found  sufficient.  The 
main  thing  is  that  the  graph  become  real  to  the  pupil.  Every 
genuine  graph  tells  a  story.  Professor  Perry,  in  this  connection, 
writes: 

I  was  once  sitting  on  a  committee  when  a  manager  was  detailing 
reasons  why  attendance  at  certain  classes  was  steadily  dropping. 
In  idleness  I  manufactured  some  squared  paper,  quite  roughly, 
and  plotted  the  niunbers,  and  it  became  at  once  evident  that 
some  curious  event  had  happened  at  a  particular  date  which  had 
produced  the  mischief.  This  led  at  once  to  a  rectification  of  the 
evil.  Now  I  do  not  say  that  a  man  clever  at  figures  would  not  have 
discovered  this  from  the  figures  themselves,  but  the  importance 
of  the  squared  paper  method  of  working  is  that  no  worry  over 
details  of  figures  distracts  one  from  the  general  story  told  by  them. 

If  it  be  necessary  at  all  to  furnish  reasons  for  the  introduction 
of  the  graphic  method,  I  should  give  these: 

1  The  graphic  method  brings  the  sum  total  of  a  set  of  related 

facts  before  us  in  a  concrete,  compact  form. 

2  The  study  of  a  graph  may  lead  to  the  discover}^  of  the  law 

governing  the  facts  it  represents. 

3  The  graph  furnishes  an  easy  mode  of  interpolating. 

In  the  school, 

4  The  graph  represents  the  simplest  means  of  correlating  the 

mathematical  and  physical  sciences,  and  of  introducing  the 
activities  of  genuine  laborator\-  work. 
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5  It  enables  the  student  to  test,  at  an  earlier  period,  geometrical 

truths,  and  famiUarizes  him  with  the  use  of  instnmients 
and  with  units  of  measure. 

6  It  gives  him  a  new  tool  for  the  solution  of  certain  problems. 

7  It  makes  him  a  more  intelligent  and  interested  observer  of 

social,  commercial  and  economic  phenomena. 

8  Last,  not  least,  it  makes  the  study  of  equations,  individual 

and  simultaneous,  of  the  number  system  of  algebra,  intensely 
real,  and  affords  a  pleasant  relief  from  the  usual  routine  of 
that  subject. 
Let  us  rejoice,  then,  that  the  graph  has  at  last  come  into  ele- 
mentary algebra.     It  has  come  to  stay. 

The  paper  was  fully  illustrated  by  blackboard  diagrams,  printed 
charts,  and  samples  of  work  done  by  pupils.  The  following  refer- 
ences may  be  of  service: 

1  The  recent  textbooks 

2  Graphic  Algebra  for  Secondary  Schools,  by  H.  B.  Newson. 

Ginn  &  Co.     loc 

3  Practical  Mathematics,  by  Prof.  Perry.     Eyre  &  Spottiswoode, 

London 

4  Discussion  on  the  Teaching  of  Mathematics,  British  Associa- 

tion, 1902.     Macmillan 

5  Especially,  Report  of  the  Committee  on  the  Correlation  of 

Mathematics  and  Physics  in  Secondary  Schools,  of  the 
Central  Association  of  Science  and  Mathematics  Teachers. 
25c.  Apply  to  E.  Marsh  Williams,  treasurer,  52  South 
Kensington  Avenue,  La  Grange,  111. 

6  Graphs,  by  Robert  J.  Aley.     Heath  &  Co.     loc 

7  See  also    School  Mathematics,  March  1904 

GENERAL  SESSION 
Thursday  afternoon,  December  28 
In  recognition  of  the  completion  of  10  years  of  work  by  this 
association  the  following  papers  give  some  review  of  the  progress 
and  an  outlook  for  the  futiu-e  of  each  section. 
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Section  A— PHYSICS  AND  CHEMISTRY 

BY   WILLIAM   HALLOCK,   COLUMBIA   UNIVERSITY 

As  the  mountain  climber  from  time  to  time  stops  and  surveys 
the  landscape,  taking  his  bearings  to  get  a  clearer  idea  of  how 
high  he  has  ascended,  what  he  has  accomplished,  of  the  paths 
that  he  has  traveled,  and  lay  out  his  future  course,  so  for  us  in 
climbing  the  hill  of  knowledge  it  is  desirable  to  stop  occasionally 
and  convince  ourselves  that  we  really  have  accomplished  consider- 
able and  that  we  should  go  forward  with  good  courage  toward 
the  accomplishment  of  much  more.  As  we  look  back  upon  the 
development  of  the  New  York  State  Science  Teachers  Asso- 
ciation and  upon  the  place  which  the  study  of  physics  has  won 
for  itself  in  the  past  lo  years,  I  believe  that  we  have  every  reason 
for  gratification,  every  reason  to  look  forward  with  good  courage 
to  the  accomplishment  of  still  better  results  in  the  future.  It  is 
not  for  me  to  point  out  the  wonderful  progress  of  the  Science 
Teachers  Association  as  a  whole;  that  fact  stands  clearly  established, 
and  we  are  already  the  envy  of  other  states  that  are  longing  for  a 
similar  organization  of  their  workers  in  the  same  fields. 

If  we  confine  our  attention  more  particularly  to  the  development 
of  physics  in  this  period  we  can  refer  to  the  place  which  it  has 
won  in  fields  of  education  in  general,  relying  with  perfect  assurance 
upon  the  fact  that  this  association  has  contributed  very  largely 
toward  the  organization  and  systematic  development  of  the  subject 
in  other  states  as  well  as  in  our  own.  Let  us  consider  for  a  moment 
the  situation  of  the  study  of  physics  lo  years  ago.  It'had  scarcely 
been  recognized  as  one  worthy  of  very  serious  consideration.  One 
or  two  colleges  had  agreed  to  accept  it  as  an  entrance  subject,  and 
this,  however,  was  in  most  cases  very  unsatisfactory,  and  in  many 
cases  the  college  continued  to  teach  the  subject  as  if  the  candi- 
date who  offered  physics  for  admission  had  no  knowledge  of 
the  subject  whatever.  In  most  cases  the  so  called  requirement 
in  physics  was  a  requirement  from  textbook  work  that  could 
readily  be  crammed  in  a  few  weeks  and  was  unsatisfactory  from 
every  point  of  view.  A  few  devoted  spirits  believed  that  physics 
should  be  taught  in  the  high  school,  and  that  it  could  be  taught 
there,  and  if  taught,  should  be  taught  by  properly  trained  teachers. 
These  few  put  their  hands  to  the  plow  and  today  can  look  back 
'with  satisfaction  upon  the  results  which  they  have  accomplished. 
In  this  connection  it  must  be  remembered  that  physics  played  the 
part  of  the  point  of  the  entering  wedge  and  it  was  necessary  for  us 
to  bring  in  not  only  ourselves  but  to  drag  along  with  us  the  other 
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experimental  sciences  because  our  adversaries  recognized  that 
as  soon  as  the  first  experimental  science  was  admitted  then  no 
seriously  valid  arguments  could  be  brought  forward  against  the 
others. 

We  are  often  told  that  we  have  not  lived  up  to  our  promises; 
that  the  study  of  physics  is  not  as  attractive  to  the  student  and 
is  not  as  valuable  for  training  as  we  promised  it  should  be.  .  That 
is  only  partly  true,  partly  because  some  enthusiasts  promised  too 
much,  and  chiefly,  however,  because  we  have  only  commenced 
the  development  of  this  study  and  have  had  not  a  really  fair  chance 
to  develop  it  as  it  should  be  developed.  We  remember  that  in 
the  latter  part  of  the  1 5th  century  when  it  was  proposed  to  introduce 
the  study  of  Greek  into  the  schools  and  colleges  or  imiversities  of 
the  time,  exactly  the  same  hue  and  cry  was  raised  as  has  now  been 
raised  against  physics.  The  advocates  of  Greek  were  told  that 
as  a  business  proposition  it  might  be  desirable  to  learn  Greek  in 
order  to  deal  with  Greek  merchants,  but  that  as  a  matter  of  culture 
and  education  it  was  absolutely  useless.  Practically  all  argtunents 
that  have  been  brought  forward  against  the  introduction  of  science 
as  being  of  economic  but  not  of  educational  value  were  brought 
to  bear  against  the  study  of  Greek,  and  it  was  at  least  a  centiuy 
before  it  could  be  fairly  said  that  the  study  of  Greek  was  recognized 
in  the  European  universities  as  of  anything  like  the  same  educa- 
tional value  as  the  study  of  Latin.  In  one  tenth  of  that  time  we 
have  made  very  good  progress  toward  convincing  the  educators 
that  the  exact  experimental  sciences  have  perfectly  defined  educa- 
tional value  different  entirely  from  the  study  of  the  classics  but 
qualified  to  develop  a  property  of  the  human  mind  no  less  important 
and  no  less  desirable. 

We  are  told  that  there  are  less  students  in  proportion  electing 
physics  now  than  there  were  8  or  10  years  ago.  That  may  be  the 
case.  If  so,  two  perfectly  sufficient  causes  are  apparent.  In  the 
first  place  when  the  courses  were  first  established  the  desire  for 
novelty  necessarily  attracted  a  large  number,  and  many  students 
elected  physics  simply  because  they  thought  that  it  was  something 
new,  something  different,  and  certainly  could  not  be  any  more 
difficult  than  Latin  or  Greek.  It  has  been  the  experience  of  insti- 
tutions as  well  as  of  departments  that  novelty  brought  in  at  first 
a  large  ntmiber  whose  presence  was  not  an  imalloyed  blessing. 
Our  own  experience  with  the  summer  school  at  Columbia  University 
is  a  good  example  in  this  respect.  In  the  first  year  we  had  a  very 
large  registration  of  students  who  were  habitual  wanderers  who 
went  to  every  new  school  that  was  opened,  not  that  any  believed 
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that  the  school  was  better  than  other  schools  but  simply  that  it 
was  something  new  and  they  wished  to  try  it.  Every  year  since 
that,  the  number  of  this  class  of  students  has  fortunately  decreased. 
This  same  thing  is  true  of  the  study  of  physics.  At  first,  under 
the  influence  of  the  glowing  accounts  of  the  beautiful  experiments 
that  were  to  be'  performed  and  the  highly  useful  knowledge  that 
was  to  be  attained,  many  students  were  induced  to  elect  physics 
without  any  real  knowledge  of  why  they  were  doing  it.  Gradually 
this  class  of  students  was  eliminated  from  the  course  and  only 
those  came  in  who  really  had  a  desire  to  study  the  subject.  The 
second  cause  for  the  falling  off  in  the  election  of  physics  is  one 
which  really  reflects  the  highest  credit  upon  the  nature  of  the  course. 
At  first  these  courses  were  largely  spectacular,  not  representing 
any  real  serious  work,  intended  rather  to  amuse  and  interest  the 
pupil  than  to  instruct  him  in  any  fundamental  principles  or  methods. 
In  every  case  where  the  courses  have  been  made  more  severe,  more 
systematic,  they  have  necessarily  become  less  attractive  to  the 
student  who  is  himting  for  the  easy  courses,  and  it  seems  that  the 
more^  of  these  imdesirable  students  that  can  be  eliminated  from 
the  study  of  physics,  the  better.  There  can  be  no  more  fallacious 
method  of  computing  the  success  of  a  course  than  by  the  number 
of  students  who  elect  it.  Most  any  college  which  has  elective 
courses  realizes  that  certain  courses  are  elected  because  they  are 
easy  and  certain  others  are  scrupulously  avoided  because  it  is  known 
that  they  are  hard  and  success  in  them  represents  serious  work. 
To  me  it  is  inexplicable  how  a  great  authority  on  education  can 
find  fault  with  the  teaching  of  physics  because  it  is  made  syste- 
matic and  rigorous.  Nevertheless,  we  are  told  by  high  authority 
that  we  ought  not  to  require  our  students  to  do  extensive  drudgery 
in  physics,  we  ought  to  amuse  them  with  attractive  and  spectacular 
experiments  qualified  to  distract  them  from  the  drudgery  of  the 
rest  of  their  school  course,  that  we  ought  to  teach  them  the  dynamo 
and  the  wireless  telegraph  and  not  bother  them  with  the  Ohm's 
law  and  the  Wheatstone  bridge.  They  expect  us  to  make  our 
study  attractive,  interesting,  free  from  drudgery,  and  in  the  next 
breath  they  accuse  us  of  not  developing  methods  and  habits  of 
serious  thought  in  the  student.  If  I  may  be  permitted  to  ask 
the  parallel  question  it  would  be  something  like  this:  Why  is 
the  student  of  Latin  compelled  to  spend  two  years  on  Latin  grammar 
and  Latin  construction  and  the  utterly  iminteresting  prose  which 
is  doled  out  to  him  in  those  early  weeks  and  months  of  his  course? 
Why  is  he  put  through  this  drudgery  instead  of  being  amused 
with  the  translation  which  somebody  else  may  make  of  the  Aeneid 
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or  of  the  poems  of  Horace?  Why  the  drudgery  of  Greek  grammar 
and  not  the  delicious  narrations  of  Homer?  And  yet  the  analogy 
is  fairly  complete  for  the  high  school  student  who  is  shown  the 
wonders  of  wireless  telegraphy  before  the  fundamental  principles 
of  electricity ;  he  will  be  absolutely  incapable  of  understanding  the 
situation,  any  more  than  the  boy  who  reads  a  poetic  translation  of 
the  Odyssey  will  be  able  to  appreciate  the  beauties  of  the  Greek 
language.  No  one  seems  to  think  it  necessary  that  Latin  grammar 
or  Greek  grammar  or  geometry  or  algebra  should  be  made  par- 
ticularly attractive  to  the  student.  They  are  simply  told  that 
these  things  must  be  learned,  and  that  they  may  like  them  or 
not,  it  makes  no  difference.  For  my  part  it  seems  to  me  that  the 
very  argimient  that  the  courses  in  physics  are  less  attractive  than 
they  were  is  the  best  proof  that  these  courses  are  becoming  more 
nearly  what  they  should  be. 

This  is  apparent,  too,  if  we  consider  for  a  moment  the  attitude 
of  the  average  college  of  today  toward  the  coiu-ses  in  physics  as 
given  in  the  better  grade  of  high  school.  We  see  that  now  th^ 
college  feels  justified  in  accepting  the  offer  in  physics  as  really 
meaning  something  and  that  it  can  start  with  that  as  a  basis  and 
go  on  without  the  necessity  of  repeating  the  course.  Nevertheless, 
we  must  not  allow  ourselves  to  think  that  the  physics  in  the  high 
school  is  important  only  as  a  preparation  for  college.  It  must  be 
clearly  remembered  that  so  long  as  but  a  small  percentage  of  the 
high  school  scholars  actually  go  to  college,  so  long  must  the  high 
school  course  be  considered  primarily  as  a  finishing  up  of  the  educa- 
tion of  the  scholar  rather  than  as  the  preparation  of  the  scholar  to 
continue  his  education  at  some  other  institution.  For  this  reason 
above  all  others  it  seems  to  me  that  the  courses  in  experimental 
science  are  of  fundamental  importance  and  must  be  taken  with 
extreme  seriousness.  It  is  apparent  that  such  is  the  case  from  the 
fact  that  we  have  today  a  decided  movement  in  favor  of  a  second 
year  of  physics  in  the  high  school,  on  the  one  hand,  with  oppor- 
ttmity  for  more  serious  work  on  the  part  of  the  scholar,  and  on  the 
other  hand,  that  there  is  a  very  strong  movement  for  the  introduc- 
tion of  the  simpler  and  more  fundamental  principles  of  the  science 
in  the  grades  of  the  grammar  school  along  with  the  study  of  the 
phenomena  associated  with  plant  and  animal  life.  It  is  impossible 
to  consider  for  a  moment  the  present  questions  which  are  inter- 
esting teachers  of  physics  without  being  struck  at  the  enormous 
change  in  the  situation  in  the  last  10  years. 

There  is  one  other  point  in  which  the  study  of  physics  in  the 
secondary  schools  has  rendered  a  service  to  the  cause  of  education 


112         NEW  YORK  STATE   SCIENCE  TEACHERS   ASSOCIATION     [DeC.  28 

at  large  which  is  of  inestimable  value.  This  service  is  in  demon- 
strating the  necessity  of  having  a  trained  teacher  to  teach  the 
subject  not  from  purely  theoretic  points  of  view  but  from  having 
an  actual  working  knowledge  of  the  subject.  It  tised  to  be  con- 
sidered that  any  college  graduate  was  necessarily  a  good  school 
teaciier.  Nothing  has  done  more  to  break  down  this  idea  than 
the  inability  of  those  men  to  teach  the  experimental  sciences  in 
any  certain  way,  and  the  necessity  for  a  specialist  for  physics  and 
chemistry  has  demonstrated  to  more  school  boards  the  necessity 
for  specialists  in  other  lines  than  any  other  one  thing. 
[  Thus  it  would  seem  that  at  the  end  of  our  first  decade  we  have 
every  reason  for  being  satisfied  with  the  work  of  the  association 
at  large  and  of  the  section  of  physics  in  particular.  We  have  only 
to  press  on  in  the  same  spirit  and  we  may  rest  assured  that  our 
successes  will  continue.  The  line  of  progress  has  been  fairly  well 
laid  down  and  we  only  need  to  nm  over  the  list  of  names  of  those 
who  are  actively  interested  in  the  development  of  the  study  o? 
physics  in  the  secondary  schools  in  order  to  be  perfectly  sore  that 
the  progress  will  be  unbroken  and  considerable.  These  men  are 
primarily  acquainted  with  the  science  of  physics.  They  are  also 
teachers.  They  are  neither  great  investigators  whose  heads  are 
in  the  clouds  far  above  the  average  student,  nor  are  they  people 
who  have  been  manufactured  into  teachers  by  a  certain  number 
of  courses  on  psychology  and  pedagogy.  They  are  people  who 
know  the  subject-matter  and  the  condition  of  the  average  pupil, 
and  under  these  circumstances  the  teaching  will  come  as  a  natiu-al 
and  necessary  consequent.  Let  us  then  go  on  in  the  happy  assur- 
ance that  if  we  continue  to  work  putting  our  best  efforts  into  the 
common  cause  as  heretofore,  when  after  another  lo  years  we  meet 
to  balance  oiu-  accounts  again  we  shall  have  renewed  cause  for 
congratulation  and  hope. 

Section  B— BIOLOGY 

BY   A.   D.   MORRILL,    HAMILTON   COLLEGE,   CLINTON 

Huxley's  Practical  Biology  pubUshed  in  1875  revolutionized  the 
study  of  natural  science  among  English-speaking  people. 

This  pioneer  of  laboratory  science,  emphasizing  the  work  of  the 
pupil  and  following  the  lines  of  evolution,  was  introduced  into  the 
college  work  of  this  country  nearly  30  years  ago,  although  many 
of  the  smaller  colleges,  secure  in  their  conservatism,  yielded  very 
slowly,  vainly  hoping  that  the  onward  march  of  education  would 
be  reversed,  placing  them  again  in  the  lead.     Today  it  would  be 
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almost  impossible  to  find  a  college  which  refuses  to  teach  the 
biologic  sciences,  in  some  form. 

Long  before  the  beginning  of  the  past  decade  enthusiastic  and 
well  trained  men  began  to  teach  biology  in  the  larger  high  schools 
of  the  great  cities.  The  struggle  for  recognition,  adequate  time 
and  equipment  has  been  a  hard  one,  but  now  not  only  the  larger 
cities  but  many  towns  have  fairly  equipped  laboratories. 

At  first  the  tmmodified  type  method  was  used  in  the  high 
school,  but  it  soon  became  evident  to  progressive  teachers  that 
changes  must  be  made  to  better  adapt  it  to  the  needs  of  the  pupils, 
their  age  and  mental  development.  This  was  done  generally  by 
lessening  the  amount  of  dissection  or  morphology  and  increasing 
the  study  of  living  plants  and  animals  and  physiologic  experiments. 

The  laboratory  work  is  the  most  critical  part  of  science  teaching, 
as  the  habits  formed  are  fully  as  important  as  the  facts  gained. 
It  is  here  that  the  student  is  made  or  ruined. 

Laboratory  guides  are  numerous,  as  many  teachers  have  tried 
to  meet  the  needs  of  their  own  classes  and  in  an  evil  hour  have 
been  persuaded  to  publish. 

There  are  two  general  methods  followed,  either  that  of  making 
statements  to  be  verified  by  the  pupil  or  by  the  use  of  questions 
to  lead  the  pupil  to  find  things  for  himself;  and  there  is  a  third 
which  is  a  combination  of  both. 

Personally  I  have  found  that  the  simplest  as  well  as  the  smallest 
number  of  directions,  within  limits,  give  the  best  results.  Even 
these  are  not  distributed  until  the  pupil  has  had  time  to  examine 
his  specimen  pretty  fully. 

At  first,  with  the  Uving  specimen,  the  only  question  I  ask  is 
what  can  it  do  and  how.  It  encourages  the  pupil  and  develops 
his  self-reliance  to  find  on  consulting  his  directions  and  later  the 
reference  books  that  he  has  independently  discovered  many  of  the 
facts  which  he  is  expected  to  observe. 

The  recitation  becomes  a  conference,  no  two  pupils  having 
made  exactly  the  same  observations.  Each  pupil  notes  the  points 
to  be  confirmed  by  later  observation.  Then  the  reference  books 
give  additional  facts  for  verification  or  proof. 

One  difficulty  with  many  laboratory  guides  is  in  their  com- 
pleteness. The  pupil  is  often  nearly  helpless  when  thrown  on  his 
own  resoiu-ces  by  being  confronted  with  a  new  form  and  no  guide 
to  tell  or  suggest  what  he  should  do. 

With  large  classes  a  great  part  of  the  laboratory  work  must 
fall  into  the  hands  of  assistants  who  need  the  most  careful  training 
that  they  all  bring  out  the  same  important  facts  and  that  they 
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do  not  yield  to  the  importtinity  of  the  pupils,  who  find  it  easier 
to  ask  questions  than  to  make  their  own  observations. 

The  instructor  should  always  be  ready  to  answer  legitimate 
questions  or  make  stiggestions  which  will  enable  the  earnest  pupil 
to  find  his  own  answers,  but  to  the  careless,  thoughtless  questioner 
he  must  be  a  tonic  and  stimulus  to  lead  him  to  want  to  study  his 
specimen  for  himself. 

In  the  country  it  is  possible  to  arrange  field  excursions  without 
difficulty  but  in  the  large  cities  it  is  a  much  more  serious  problem. 
To  make  the  field  work  of  the  greatest  value  the  instructor  should 
know  the  main  things  that  can  be  observed  on  a  particular  trip, 
and  by  assigning  topics  or  questions  help  the  pupil  to  do  definite 
and  careful  work  which  should  be  reported  later.  The  material 
collected  can  be  studied  in  the  laboratory  and  specimens  preserved 
for  later  use. 

It  is  possible  to  make  many  observations  on  Hving  plants  and 
animals  in  the  laboratory  by  the  use  of  aquariums,  vivariums, 
the  Fielde  ant  nest,  observation  beehives  and  Wardian  cases  or 
conservatories. 

In  the  high  school  course  the  earlier,  disconnected  observations 
in  nature  coiu'ses  on  plants  and  animals  may  be  welded  into  a 
consistent  whole  and  with  the  aid  of  further  observations,  com- 
parisons, dissections,  demonstrations  and  experiments  on  plants 
and  animals  an  intelligent  outlook  on  Ufe  may  be  obtained  and  a 
more  perfect  understanding  of  the  human  body  than  has  ever 
before  been  possible. 

The  school  garden  not  only  helps  the  city  child  to  come  closer 
to  nature  and  to  understand  the  processes  of  agriculture  but  also 
gives  a  valuable  mental  training  which  will  help  in  later  biologic 
work. 

It  is  hoped  that  this  work  on  the  soil  may  tend  to  develop  a 
migration  to  the  country.  In  the  country  the  place  of  the  school 
garden  is  fully  as  important  although  it  must  be  managed  somewhat 
differently.  The  effect  of  nitrifing  bacteria  on  clover,  the  action 
of  f imgicides  on  the  plants  of  the  farm  and  the  study  and  destruction 
of  injiuious  insects  will  not  only  help  to  interest  them  in  the  farm 
but  will  prepare  the  way  for  further  biologic  study. 

The  large  number  of  books  and  papers  dealing  with  the  life 
activities  of  common  animals  and  giving  the  results  of  observations 
and  experiments  with  plants  makes  it  possible  to  apply  the  second 
part  of  Agassiz's  oft  repeated  maxim,  **  Study  nature  and  refer  to 
books. "  But  the  responsibility  rests  on  the  teacher  to  see  to  it 
that  nature  is  always  studied  first. 
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Teachers  who  are  dissatisfied  with  the  anatomic  study  of  types, 
and  who  have  not  been  able  for  lack  of  time  or  training  to  change, 
will  find  many  valuable  suggestions  in  the  paper  of  Prof.  C.  F. 
Hodge  on  "  Dynamic  Biology  in  the  High  School/*  where  he  attempts 
to  preserve  the  best  features  of  the  type  system  and  combine 
with  it  the  study  of  living  plants  and  animals,  either  in  the  field  or 
laboratory.  Among  other  things  Dr  Hodge  lays  special  stress  on 
the  study  of  practical  problems,  as  the  development  and  destruction 
of  mosquitos,  San  Jos^  scale  and  of  fungus  diseases  as  the  black 
knot  of  plums,  also  the  study  of  bacteria  in  relation  to  health  and 
disease.  The  "research-wise"  method  of  study  gave  him  the  best 
results  both  in  interest  and  development  of  the  pupil. 

Teachers  sometimes  complain  that  the  pupils  are  too  enthu- 
siastic, but  the  real  teacher  of  biology  can  use  all  the  enthusiasm 
and  every  other  means  for  developing  an  interest  in  the  living 
world  aboLit  us,  but  the  interest  should  lead  to  investigation. 

With  the  new  syllabus  for  the  biologic  sciences  in  the  high 
schools  of  this  State  before  us,  the  question,  what  can  the  small 
school  do  with  it,  demands  an  immediate  answer.  One  teacher 
of  science  is  available  and  in  some  cases  for  only  a  part  of  his  time. 
He  is  frequently  trained  only  in  physics  and  chemistry.  There 
is  little  doubt  that  if  a  teacher  is  well  trained  in  any  observational 
science  he  might  become  qualified  to  teach  the  elements  of  the 
biologic  sciences  by  attending  such  summer  courses  as  are  offered 
at  Woods  Hole,  Cold  Spring  Harbor  and  Ithaca. 

The  skilful  teacher  will  be  content  if  his  pupils  are  growing  in 
power  of  observation,  in  self-reliance  and  judgment  even  if  they 
can  not  glibly  repeat  a  large  number  of  facts. 

The  value  of  the  remark  of  Agassiz  that  **a  lead  pencil  makes 
a  good  microscope*'  is  abundantly  verified  in  the  experience  of 
every  laboratory  instructor.  The  attempt  to  draw  a  specimen 
is  only  second  to  modeling  in  stimulating  the  powers  of  observa- 
tion. The  drawing  represents  the  object  in  two  dimensions,  while 
the  model  must  show  it  in  three.  Every  specimen  should  be 
drawn  or  modeled. 

After  observation  comes  comparison  and  for  this  purpose  the 
superficial  examination  of  many  forms  related  to  those  carefully 
studied  gives  a  breadth  and  fulness  of  knowledge  not  to  be  gained 
by  the  cxhriustive  study  of  a  few  types  ns  is  done  in  the  fern-earth- 
worm method. 

A  growing  subject  taught  by  a  well  trained  and  enthusiastic 
teacher  who  considers  the  development  of  the  individual  pupil 
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of  first  importance,  while  the  information  is  held  to  a  second  place, 
can  not  fail  to  stimulate  the  pupil  to  do  his  best. 

The  teacher  who  is  impatient  and  irritated  at  the  mistakes  of 
his  pupils  may  easily  develop  in  them  a  distaste  for  all  knowledge. 

The  point  of  view  is  of  the  greatest  importance  in  biology,  that 
of  looking  at  every  organism  in  its  relations  to  others  and  to  life. 
The  facts  accumtdated  by  observation  and  the  results  of  experiment 
should  serve  as  centers  about  which  the  results  of  the  observations 
of  later  life  will  naturally  cluster. 

It  is  sometimes  said  that  mathematics  is  rarely  taught — only 
arithmetic,  algebra  and  geometry — for  the  whole  is  forgotten  in 
its  parts.  In  the  same  way,  it  is  to  be  regretted  that  biology  has 
in  some  cases  been  lost  in  botany,  zoology  and  physiology,  each 
taught  by  specialists  who  give  little  or  no  attention  to  the  broad 
underlying  principles  of  biology. 

In  the  high  school  the  oneness  of  all  living  phenomena  of  living 
organisms  should  be  emphasized,  for  this  gives  the  keynote  to  all 
later  work. 

As  has  been  said,  **  Physiology  is  no  mere  memory  science  but 
one  not  only  of  observation  but  also  of  experiment." 

Mr  Peabody,  and  many  others  have  demonstrated  the  practi- 
cability of  requiring  experimental  work  of  pupils  in  the  high  school. 
A  few  facts  learned  experimentally  arc  worth  scores  simply  mem- 
orized. 

Many  observations  can  be  made  on  our  own  bodies  and,  as 
Prof.  C.  W.  Dodge  has  shown,  experiments  on  living  animals  and 
plants  will  fix  the  main  principles  needed  to  explain  himian  physi- 
ology. 

Hygiene  should  come  early  in  the  grades  and  in  the  home  as  a 
purely  informational  subject,  but  physiology  can  not  be  treated 
satisfactorily  except  in  an  elementary  way  until  the  pupil  has 
studied  physics  and  chemistry.  j 

The  examinations  set  in  biologic  subjects  usually  test  the  mem- 
ory, although  in  some  cases  the  powers  of  observation  are  tested 
by  the  use  of  some  plant  or  animal  related  to  a  form  already  studied. 
No  directions  are  supplied,  and  it  is  preceded  by  a  memory  test 
which  constitutes  about  three  fourths  of  the  examination.  Ques- 
tions which  involve  the  application  of  some  general  principle  to 
be  illustrated  by  previous  work  in  the  laboratory,  field  or  museum 
will  test  the  judgment  as  well  as  the  memory. 

A  few  colleges  are  now  not  only  requiring  for  entrance  properly 
accredited  notebooks,  but  give  tests  in  the  use  of  instruments 
and  power  of  observation  in  describing  animals  and  plants. 
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The  coordination  of  nature  study,  work  in  school  gardens  and 
biology  of  the  high  school  and  college  is  progressing  slowly  and 
there  is  much  yet  to  be  done  to  gain  the  best  results  for  the  time 
and  labor  expended. 

Harvard  was  the  pioneer  in  accepting  science  work  in  physics 
done  in  the  preparatory  school  by  requiring  conformity  to  a  pre- 
scribed syllabus  of  experiments. 

College  courses  have  now  been  adjusted  in  many  cases  to  accept 
and  use  the  work  of  the  best  high  schools  in  the  biologic  sciences. 
Even  if  the  college  can  not  give  advanced  standing  in  these  subjects 
it  is  feasible  to  allow  entrance  credits  for  work  satisfactorily  done 
in  the  high  school  and  thus  give  better  courses  in  zoology,  botany 
and  physiology  in  the  college. 

With  many  problems  awaiting  consideration  or  partially  worked 
out  we  may  still  be  gratified  with  the  progress  already  made  and 
gather  strength  and  encouragement  for  renewed  effort. 

In  this  State  the  splendid  example  of  the  biologic  work  in  the  high 
schools  of  Greater  New  York  and  the  opportunities  for  the  prepara- 
tion of  teachers  of  biology  offered  by  the  Teachers  College,  the 
syllabus  in  the  biologic  sciences  prepared  by  a  committee  of  New 
York  teachers  and  adopted  by  the  State,  and  the  suggestive  book 
of  Lloyd  and  Bigelow  on  Teaching  Biology  lead  us  to  believe  that 
the  improvement  in  preparation  of  teachers  and  in  methods  and 
equipment,  in  the  next  decade  will  far  exceed  that  of  the  past. 

We  may  lose  in  the  exactness  of  purely  anatomic  study,  but  we 
shall  gain  in  breadth  of  outlook  and  be  able  to  realize  more  per- 
fectly that  we  are  a  part  of  the  great  world  of  living  organisms 
and  that  however  splendid  the  endowment  given  us  by  the  Creator, 
it  is  our  privilege  to  advance  farther  on  the  road  of  progress  than 
any  who  have  preceded  us.  We  may  stand  on  the  shoulders  of 
the  intellectual  giants  of  the  past  and  look  on  broader  horizons 
and  work  for  the  advancement  and  ennoblement  of  those  who  are 
to  follow.  We  should  not,  however,  forget  that  if  our  opportunities 
are  imimproved  nature's  inflexible  laws  will  destroy  us  as  degen- 
erates. 
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Section  D— MATHEMATICS 

BY    E.    D.    ROE   JR,    SYRACUSE    UNIVERSITY 

It  seems  paradoxical  that  one  of  the  oldest  of  the  sciences,  the 
ideal  of  all  the  sciences,  and  one  of  the  most  alive  in  research, 
should  have  been  the  last  one  to  acquire  membership  in  this  associa- 
tion of  sciences.  Whatever  the  explanation  of  this  may  be,  it  is 
a  fact  that  on  this  decennial  anniversary  the  section  for  mathematics 
celebrates  its  third  birthday  and  second  public  appearance  on  the 
program  stage.  On  this  account  you  will  not  therefore  care  for 
a  10  year  retrospect  of  the  section  leading  back  into  minus  eight 
years.  Of  the  two  positive  years  work  completed,  we  feel  sure 
that  they  will  compare  favorably  with  that  of  any  like  association 
for  the  same  time  and  under  equal  conditions. 

To  discuss  the  past  of  our  science  in  general  with  its  wonderful 
conquests  in  research  would  take  altogether  too  long,  if  it  were  not 
entirely  irrelevant  to  the  present  meeting.  In  short  what  is  there 
for  us  to  do  but  to  report  that  we  are  here  in  vigorous  health,  that 
we  take  pretty  solid  food  already,  that  we  are  rapidly  growing, 
that  we  are  glad  that  we  are  here,  that  we  thank  you  for  the  cour- 
tesies you  have  shown  us,  and  that  for  the  future  we  promise  to 
make  the  section  for  mathematics  worthy  of  that  divine  science 
which  has  called  us,  and  worthy  of  this  association  of  sciences. 

To  the  future,  then,  we  must  devote  our  thoughts,  instead  of  to  a 
retrospect. 

1  What  then  are  our  aims? 

2  How  shall  we  attain  them? 

With  reference  to  the  first  question  it  would  seem  then,  that  the 
aim  of  the  section  for  mathematics  should  be  primarily  to  advance 
the  pedagogy  of  mathematics  in  the  broadest  sense,  while  the 
element  of  research  though  not  neglected  should  be  a  secondary 
one.  The  American  Mathematical  Society  exists  primarily  for 
research,  though  a  movement  for  pedagogy  has  had  its  origin  in 
this  society  and  has  been  taken  up  by  its  members  in  the  formation 
of  societies  devoted  to  the  pedagogy  of  mathematics.  Thus  the 
fields  are  clearly  marked  out.  In  fact  attention  may  be  called  to 
a  great  pedagogical  movement  in  mathematics  which  has  recently 
sprung  up.  A  few  years  ago  Professor  Klein,  the  eminent  mathe- 
matician of  Gottingen,  began  to  turn  his  attention  to  the  pedagogy 
of  mathematics.  New  pedagogical  journals  for  the  subject  appeared 
in  Europe,  and  interest  increased  in  the  subject  there.  The  Perry 
movement  followed.  A  presidential  address  of  the  American 
Mathematical  Society  dealt  with  the  whole  subject  in  1902.     There 
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soon  followed  the  organization  of  distinct  associations  of  teachers 
of  mathematics  in  this  country,  e.  g.  of  the  Middle  States  and 
Maryland,  of  New  England,  of  Ohio,  of  the  Middle  West,  of  the 
Pacific  coast,  etc.  In  each  of  these  the  leading  spirits  were  mem- 
bers of  the  American  Mathematical  Society.  The  mathematical 
part  of  that  new  pedagogical  journal  School  Science  and  Mathe- 
matics has  appeared  as  an  expression  of  this  movement.  And 
lastly  a  movement  toward  the  federation  of  all  the  aswsociations 
(to  include  science  associations  on  the  suggestion  of  the  latter) 
is  now  under  consideration,  with  the  suggestion  that  School  Science 
and  Mathematics  be  made  the  official  organ  of  the  federation 
societies. 

It  seems  to  me  that  federation  for  the  purpose  of  securing  such 
legislation  systematically  and  unifonnity  of  all  reforms  in  the 
courses  and  methods  of  teaching,  and  in  the  qualifications  of 
teachers  of  mathematics  as  are  shown  by  the  discussions  and  con- 
sensus of  the  federated  societies  to  be  necessary,  should  be  the  goal 
towards  which  we  should  work. 

While  discussion  and  interchange  of  views  will  enable  us  who 
participate  to  detect  our  individual  defects,  and  to  become  ac- 
quainted with  better  methods,  yet  some  of  the  fundamental  reforms 
that  are  needed  can  only  be  brought  about  by  enactment  of  Legisla- 
tures, making  it  impossible  for  certain  things  to  be  continued  as 
they  are  and  requiring  uniform  standards  of  qualification  and 
preparation  on  the  part  of  teachers  of  mathematics  in  our  secondary 
schools,  that  shall  place  all  our  secondary  teachers  and  secondary 
education  on  a  plane  as  high,  say,  as  that  of  the  secondary  teachers 
and  secondary  education  of  Germany. 

It  would  seem  to  me,  then,  that  for  the  section  in  mathematics, 
the  answers  to  our  two  questions  are  these: 

Our  aim  should  be  primarily  to  advance  the  pedagogy  of  mathe- 
matics in  its  broadest  sense.  Secondarily  we  should  make  a  place 
for  such  of  the  latest  researches  of  mathematics  as  can  be  suitably 
brought  before  us.  And  we  should  do  these  two  things  in  a  manner 
worthy  of  the  Empire  State,  and  among  state  associations  we  should 
aspire  to  that  leadership  which  we  all  agree  is  the  Empire  State's 
due  in  the  affairs  of  the  nation.  We  have  the  mathematicians  in 
the  State  of  New  York  to  do  this. 

To  the  second  question  as  to  how  these  aims  are  to  be  attained,  I 
would  answer,  by  discussions,  by  enthusiasm,  by  loyalty,  by 
personal  work  in  extending  our  membership,  by  reports  on  the 
latest  investigations  which  affect  the  philosophy  and  foundations 
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of  mathematics,  and  on  such  other  research  work  as  may  from 
time  to  time  be  suitably  introduced,  and  last  and  above  all,  by 
affiliating  ourselves  with  a  federated  movement,  when  that  shall 
materialize  which  shall  have  for  its  object  the  securing  by  legisla- 
tion of  such  mathematical  reforms  as  may  be  deemed  needed  after 
careful  discussion,  experimental  trial  where  necessary,  and  the 
consensus  of  the  leading  mathematical  teachers  of  the  coimtry. 
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90  • 

Teachers  organizations,  federation,  7 
Treasurer's  report,  8 

Wharton,  Sir  William,  quoted,  85 

Whitney,  E.  R.,  Some  Pedagogical 
Phases  of  Science  Teaching,  69- 
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Woodhull,  John  P.,  The  Alternat- 
ing Current,  27-31 ;  Some  Chemi- 
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NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION 

PKcKliEDINGS  OF  THE 

iith  ANNUAL  CONFERENCE 

Held  at  Teachers  College,  New  York  city,  December  26  and  27,  1906 

IX    CONJUNCTION    WITH    AMERICAN    ASSOCIATION   FOR  THE  ADVANCE- 
MENT OK  SCIENCE  AND  OTHER  AFFILIATED  SOCIETIES 

OFFICERS  FOR  1906 

J.  F.  WooDiii'i.K,  President,  Teachers  College,  New  York  city 

E.  D.  RoE,  I'icc  Prcsidctif,  Syracuse  University 

J.  E.  Stannard,  Sccrcfary-lrcasurer,  Greenwich  (Ct.)  High  School 

OFFICERS  FOR  1907 

J.  S.  Shearer,  President,  Cornell  University,  Ithaca 

E.  J).  Roe,  I'iee  President,  Syracuse  L'niversity 

J.  E.  Stannard,  Secretary-Treasurer,  Acleli)hi  Academy.  I>rooklyn 

COUNCIL 

1910  G.  M.  Turner,  Mastcn  Park  High  Sch(X)l,  Buffalo 

*r.  C.  Hf)rKiNS,  Syracuse  University 

Charles  Newell  Coijb.  Education  Department,  Albany 
1909  A.  P.  P.RiGHAM,  Colgate  University,  Hamilton 

C.  E.  Harris,  East  High  School.  Rochester 

Howard  Lvon,  Oneonta  Normal  School 
1908  L.  V.  Case,  Washington  Irving  High  School,  Tarrytown 

W.  T.  Morrkv,  ATorris  High  Sch.>r>l.  New  York  city 

J.  S.  Shearer.  Cornell  University.  Ithaca 
1907  A.  W.  Earn  HAM,  Oswego  Normal  School 

F.  L.  Bryant,  Erasmus  Hall  High  School.  P>nx>klyn 

J.  E.  KiRKVVOOD,  Syracuse  University 
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SUMMARY  OF  SESSIONS 

I 

m  WEDNESDAY,   DECEXBEB  S6 

2.30  p.  m.     General  meeting.     Room  411 

Association  called  to  order  by  the  retiring  president,  ALiiiikT  P. 
Brigham,  Colgate  University,  Hamilton 

Introduction  of  President-elect  John  F.  Woixdhull,  Teachers  Col- 
lege, Columbia  University,  New  York  city 

Address  of  welcome 
Dean  James  E.  Russell,  Teachers  College,  Columbia  University, 
New  York  city 

3.20  p.  m.  • 

Address:     Are   High  School   Courses  in   Science   Adapted  to  the 
Needs  of  Adolescents? 
Henry  A.  Kelly,  Ethical  Culture  School,  New  York  city 

4  p.  m.     Section  meetings 

Section  A  —  Physics  and  chemistry.  Room  411.  C.  E.  Harris, 
East  High  School,  Rochester,  Chairman;  G.  M.  Tlknek,  lUifFalo, 
Secretary 

Demonstration:     More  Interesting  and  Practical  Mechanics  for  the 
High   School 
J.  M.  Jameson,  Pratt  Institute,  Brooklyn 

Section  B  —  Biology.  Room  300.  Esther  F.  Byrnes,  Girls  High 
School,  Brooklyn,  Chairman;  Wayland  M.  Chester,  Colgate 
l^niversity,  Hamilton,  Secretary 

Biology  as  Method  and  as  a  Science  in  Secondary  Schools 
Henry  R.  Linvh.le,  De  Witt  Clinton  High  School,  New  York  city 

Section  C  —  Earth  science.     Room  200.     T.  C.  Hopkins,  S\r.i 
cuse  l^niversity.   Chairman:  Jennie  T.   Maktin,   Central    high 
School,  lUiffalo,  Secretary 

1  Field  Work  in  Physical  (Geography 

Jennie  T.  Martin,  Central  High  School,  Huffalo 

2  The  Value  of  the  Inductive  Study  of  Relief  Forms  in  l^eld  Work 

and  Contour  Maps 
William  H.  Platzer,  Poughkeepsie  High  School 


SUMMARY   OF  SESSIONS  5 

Section  D -^  Mathematics.  Room  211.  William  Betz,  East 
High  School,  Rochester,  Chairman;  F.  L.  Lamson,  University  of 
Rochester,  Secretary 

1  The  Place  of*  the  Theory  of  Transformations  in  Geometry 

A.  S.  Gale,  University  of  Rochester 

2  Concerning  the  Introduction  of  Modern  Notions  into  the  Geometry 

of  Secondary  Schools 
C.  J.  Keyser,  Columbia  University,  New  York  city 

5  p.  m.     Meeting  of  the  council.    Room  413 
8  p.  m.     General  session.     Room  117 

Address:  The  Preparation  of  the  Teacher  of  Mathematics  in  Sec- 
ondary Schools 
David  Eugene  Smith,  Teachers  College,  Columbia  University, 
New  York  city 
Address :  Science  Teaching  Seen  from  the  Outside 

Edward  L.  Thorndike,  Teachers  College,  Columbia  University, 
New  York  city 

THTTESDAY,  DECEXBEB  87 

9.30  a.  m.     Section  meetings 
Section  A  —  Physics  and  chemistry.     Room  411.  C.E.Harris, 
East  High  School,  Rochester,  Chairman 

1  The  New  Movement  for  the  Reform  of  Physics  Teaching  in  Ger- 

many, France  and  America 
C.  R.  Mann,  Giicago  University 

10.15  ^'  in- 

2  Report  of  the  Committees  of  this  Asscx^ation  on  the  New  Move 

among  l^hysics  Teachers 
John  F.  Wooniirij.,  Chairman 

10.30  a.  m. 

3  Purpose  of  Science  in  the  Culture  of  Adolescent 

Sherman  Davis,  Indiana  I'niversity 

Section  B — Biology.     Room  300.     TLstiikr    F.    r>YKNES,    Girls 

High  School,  Brooklyn,  Chairman 
I  Plant  Physiology  in  Secondary  Schools 
Joseph  Y.  Bkrc.ex,  Cambridge,  Mass. 
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2  The  Established  Prmciples  of  Nature  Study 

Maurice  A.  Bigelow,  Teachers  College,  Columbia  University 

3  The  Teaching  of  Biological  Sciences  in  Some  of  the  High  Schools 

in  New  York  State 
Lester  B.  Gary,  Central  High  School,  Buffalo 

4  Biological  Science  in  Syracuse  High  School 

George  T.  Hargitt,  Syracuse  High  School 

Section  C  —  Earth  science.     Room  200.      T.  C.  Hopkins,  Syra- 
cuse University,  Chairman 

1  The  Study  of  Minerals  and  Rocks  in  Physical  Geography  in  the 

High  Sdiool 
C.  H.  Richardson,  Syracuse  University 

2  Barachois,  Bar  and  Tickle 

John  M.  Clarke,  State  Geologist,  Albany 

3  The  Relation  which  School  Gardens  may  Bear  to  Industrial  and 

Commercial  Geography 
Amos  W.  Farnham,  Oswego  State  Normal  School 

4  Reference  Books  and  Physical  Geography  Teaching 

William  T.  Morrey,  Morris  High  School,  New  York  city 

Section  D  —  Mathematics.     Roam  211.      William    Betz,    East 
High  School,  Rochester,  Chairman 

1  Secondary  Mathematics  from  a  College  Standpoint 

H.  E.  Hawkes,  Yale  University,  New  Haven,  Ct. 

2  What  Equipment  is  Needed  for  the  Effective  Teaching  of  High 

School  Mathematics? 
C.  E.  Bikle,  Horace  Mann  High  School,  New  York  city 

3  The  Relation  between  High  School  and  College  Mathematics 

H.  E.  Werij,  Stevens  Institute,  Hoboken,  N.  J. 

2  p.  m.     Section  meetings 

Election  of  section  officers  and  miscellaneous  business 

Section  A  —  Physics  and  chemistry.     Room  411.    Teachers  Cnl- 
k'ge.     C.  E.  Harris,  l£ast  High  School,  Rochester,  Chainiian 

Demonstration:  Optical  Oddities 

William  Hallock,  Columbia  I'nivcrsity 

Section  C  —  Earth  science.     Room  200.      T.  C.  Hopkins,  Syra 

cuse  University,  Chairman 
Lahnratory   I^xcrcises  in   IMiysical  Gcoj^rapliy  —  Illustrated 

W.  M.  Davis,  Harvard  I'niversitv 


SUMMARY   OF   SESSIONS  7 

Section  D  —  Mathematics.    Room  211.     William    Betz,    East 
High  School,  Rochester,  Chairman 

1  Recent  Tendencies  and  Open  Questions  in  the  Teaching  of  Ele- 

mentary Geometry 
W.  Betz,  East  High  School,  Rochester 

2  American  Federation  of  Teachers  of  the  Mathematical  and  the 

Natural  Scietices 
C.  R.  Mann,  University  of  Chicago 

3.15  p.  m.     General  meeting.     Room  411 

1  Report  of  treasurer 

2  Report  of  auditing  committee 

3  Report  of  nominating  committee,  election  of  officers,  announce- 

ment of  place  of  next  meeting 

4  Necrology 

5  Reports  of  standing  committees  and  delegates 

6  Miscellaneous  business 

4  p.  m. 

Address:  West  Indian  Volcanos  and  their  Recent  Eruptions,  illus- 
trated 
E.  O.  HovEY,  American  Museum  of  Natural  History 

8  p.  m. 

Union  meeting  with  the  American  Association  for  the  Advance- 
ment of  Science  in  the  Auditorium  of  the  Horace  Mann  School 
Presidential  address : 

C.  M.  Woodward,  St  Louis 

9  p.  m. 

Reception  given  by  trustees  of  Columbia  University 
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SUMMARY  OF  ACTION 
Treasurer's  report 

Summary   as   per   books   and   vouchers   on   file   for   year  ending    De- 
cember 27,  1906 

Receipts 

Dec.  29,  1905  Cash  on  hand $92  43 

Dec.  27,  1906  Dues  to  date 142  . . 

Total $234  43 

Expenditures 

Dec.  27,  1906  Total  to  date $86  34 

Dec.  27,  1906  Balance  on  hand 148  09 


$234  43 
Auditing  committee.  We,  the  undersigned,  regularly  ap- 
pointed auditing  committee  of  the  New  York  State  Science  Teachers 
Association  have  examined  the  report  and  accounts  of  Treasurer 
Stannard  and  desire  to  report  that  we  find  them  correct  in  every 
detail. 

W.  W.  Clendenin 
December  27,  1906  R.  H.  Cornisii 

Report  accepted 

Section  officers  for  1907 

Section  A  —  Physics  and  chemistry 
Chairman  (not  reported) 

Section  B  —  Biology 
Chairman,  Esther  Byrnes,  Girls  High  School,  Brooklyn 
Secretary,  W.  M.  Chester,  Colgate  Academy,  Hamilton 

Section  C  —  Earth  science 
Chairman,  Jennh^:  T.  Martin,  Central  High  School,  Buffalo 

Section  D  —  Mathematics 
Chairman,  W.  A.  Cornish,  Cortland  Normal  School 

The  executive  council  appointed  J.  S.  Shearer  to  act  as  our  repre- 
sentative at  a  meeting  of  the  American  Federation  of  the  Teachers 
of  Science  and  Mathematics,  Thursday  afternoon,  December  27. 
[See  report  of  meeting  on  p.  175.] 


5;uMMARY   OF  ACTIO^  9 

Place  of  meeting 

An  invitation  was  extended  to  the  association  to  meet  at  Cornell 
University,  Ithaca,  next  December. 

Motion  matle  to  meet  in  Ithaca  the  latter  part  of  Christmas  week, 
December  1907. 

Motion  carried. 

Necrology 

O.  D.  Clark,  G.  W/.  Curtis  High  School,  Staten  Island,  died 
in  July  1906.     Mr  Clark  was  a  member  of  the  executive  council. 

Reports  of  committees 

Federation.     No  report.     Committee  continued. 

New  move  among  physics  teachers.  The  committee  reports 
progress  but  the  work  must  extend  through  a  number  of  years. 
Section  A  assumes  charge  of  the  committee  and  adds  two  new 
members.     The  following  are  members  of  the  committee : 

J.  F.  Wood  HULL,  Teachers  College,  New  York 

J.  S.  Shearer,  Cornell  University,  Ithaca 

().  C.  Ken  YON,  Syracuse  High  School 

E.  S.  Wetmore,  Albany  Normal  College 

L.  E.  Jenks,  Ogdensburg  High  School 

Biology.     Committee  reports  progress  and  is  continued. 

Laboratory  exercises  in  earth  science.  Report  of  committee 
was  sent  to  the  secretary  between  meetings  and  reference  was  made 
to  it  in  last  year's  bulletin.  Pamphlets  containing  list  of  laboratory 
exercises  in  earth  science  may  Ix?  obtained  by  application  to  Edu- 
cation Department. 

Committee  discharged. 

Biological  survey  project.  The  committee  appointed  to  aid 
in  the  biological  survey  project  made  no  report. 

Committee  continued. 

Joint  committee  on  physiology.  Prof.  I.  P.  Bishop,  Buffalo 
Normal  School,  was  continued  as  our  representative  on  the  joint 
committee  on  physiolog}'. 

Vote  of  thank^.  A  vote  of  thanks  was  extended  to  Teachers 
College  for  its  hospitality.- 
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ADDRESSES  AND  PAPERS 
Wednesday  afternoon,  December  26 

The  association  was  called  to  order  by  the  retiring  president, 
Albert  P.  Brigham,  Colgate  University,  Hamilton.  After  the  intro- 
duction of  President-elect  John  F.  Woodhull  of  Teachers  College, 
Columbia  University,  an  address  of  w^elcome  was  given  by  Dean 
James  E.  Russell,  Teachers  College.  After  this  the  following 
papers  were  presented. 

ARE  HIGH  SCHOOL  COURSES  IN  SCIENCE  ADAPTED 
TO  THE  NEEDS  OF  ADOLESCENTS? 

BY  HENRY  A.  KELLY,  DIRECTOR  OF  BIOLOGY  AND  NATURE  STUDY,  ETHI- 
CAL   CULTURE    SCHOOL,    NEW    YORK    CITY 

I  ask  you  to  consider  with  me  for  a  few  moments  this  afternoon 
the  question  as  to  how  far  our  high  school  courses  in  science  are 
adapted  to  the  needs  of  pupils  in  the  years  of  early  adolescence. 

A  few  general  statements  concerning  tl>e  aini  and  scope  of  school 
education  may  be  of  value  in  helping  us  to  orient  ourselves  with 
reference  to  this  question.  School  education  is  but  .one  phase  of 
the  larger  education  of  life,  which,  for  the  race,  had  its  l>eginnings 
far  back  in  the  prehistoric  past,  and  which,  for  the  individual,  may 
be  considered  to  be  synchronous  with  the  period  from  birth  till  old 
age.  In  education,  as  in  biology,  kenogenesis  modifies  the  ancient 
palingenetic  record,  establishing  in  each  generation  a  new  point  of 
departure,  hence  school  education  at  every  stage  should  be  built  on 
the  foundation  of  what  has  gone  before,  both  in  the  history  of  the 
race  and  in  the  history  of  the  mdividual.  Not  only  should  it  be 
fitted  to  the  pupil's  needs  at  each  stage  of  development,  giving  the 
physical,  mental  and  moral  culture  which  each  age  requires  for  its 
growth,  but  it  should  aim  also  to  prepare  the  pupil  to  profit  by  the 
other  educating  influences  of  life  outside  of  the  school,  and  after 
the  school  period  has  ended.  Janushke,  it  should  look  backward 
over  the  road  the  race  has  laboriously  traveled  to  reach  its  present 
level,  and  forward  toward  the  future. 

W'c  nuist  inquire  of  our  high  school  science  work  whellier  it 
utilizes  to  the  full  extent  its  op])ortunity  to  be  of  service  in  the  lar^c 
work    of   school   education.     Does    it   take   account   of   the   piij)ils' 
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heritage  from  the  past?  Does  it  build  its  superstructure  on  the 
foundation  of  a  knowledge  of  the  instinctive  reactions  of  adolescents 
in  the  realm  of  feeling,  which  are  more  fundamental  and  far  older 
than  reason,  lx>th  phylogenetically  and  ontogenetically  ?  Does  it 
appeal  to  real  vital  human  interests  ?  Does  it  so  choose  its  material 
that  it  fulfils  its  function  as  a  propaedeutic  to  the  larger  life  beyond 
the  high  school  period?  Does  it  help  to  fit  the  pupils  not  only  to 
know  the  truth,  but  to  really  care  for  what  is  most  worth  caring  for 
in  Hfe?  Does  it  imbue  wnth  a  love  of  truth,  and  fire  with  something 
of  the  reformer's  enthusiasm  and  zeal  in  its  pursuit?  It  must  still 
be  demanded  that  our  high  school  work  in  science  should  train  in 
habits  of  observation,  in  the  ability  to  think  logically,  and  in  the 
power  of  clear  and  concise  expression  in  the  mother  tongue ;  but  it 
is  beginning  to  be  appreciated  that  the  inclination  toward  the  ob- 
servation of  natural  phenomena  rests  on  an  emotional  substratum, 
and  that  it  is  futile  to  attempt  to  teach  clear  thinking  when  interest 
does  not  furnish  a  motive  to  thought,  and  a  reason  for  expression. 

Though  the  teacher,  as  an  artist,  is  dealing  w^ith  a  responsive 
material,  which  he  is  attempting  to  fashion  in  the  light  of  an  ideal, 

it  is  as  necessarv  for  him  to  be  familiar  with  the  fundamental  facts 

• 

of  child  development,  as  that  the  sculptor  should  know  the  physical 
properties  of  the  marble  w-hich  fit  it  for  his  purpose,  or  that  the 
painter  should  know  the  results  of  the  mixture  of  his  pigments. 
Teachers  in  the  secondary  schools  have  shown  in  the  past  little 
attention  to  the  study  of  the  nature  of  the  child  in  the  adolescent 
period,  giving  ix)int  to  Dr  Rurnham's  criticism  that,  "  while  perhaps 
the  greatest  waste  of  time  in  the  American  schools  occurs  in  the 
lower  grades,  the  greatest  waste  of  energy  occurs  during  the  period 
of  high  school  and  college  education."  Tt  is  difficult  to  see  how 
this  could  be  otherwise,  in  view  of  our  ignorance  of  the  forces  at 
v/ork  at  this  period.  Unless  securely  grounded  in  a  knowledge  of 
the  principles  which  underlie  child  development,  our  high  school 
education  in  science  will  be  an  uneconomical  expenditure  of  time 
and  energy  and  fail  as  a  propaedeutic  to  life. 

An  examination  of  the  lx)dy  of  information  available,  largely  as 
a  result  of  the  child  study  movement,  is  likely  at  first  sight  to  be 
disappointing.  When  an  appraisal  of  the  results  of  this  study  is 
made,  they  may  seem  either  inadequate,  platitudinous  or  lacking  in 
application  to  our  particular  problem.  We  should  remember,  how- 
ever, that  only  recently  has  special  attention  been  given  .in  this 
countr)'  to  the  careful  study  of  the  physical  and  psychical  phenomena 
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of  adolescence.  (Jne  of  tlic  imp^jrtant  early  contributions  to  this  sub- 
ject was  Pres.  (i.  Stanley  Hall's,  '*  Th^  Moral  and  Religious  Train- 
inj(  of  Children  and  Adolescents,"  published  in  the  Princeton  Review 
in  1882,  and  reprinted  in  the  Pedagogical  Seminary  in  1 891,  in  which 
volume  also  appeared  I)r  Burnham's  valuable  *'  Study  of  Ado- 
lescence." Since  that  time  other  important  contributions  have 
been  made,  several  under  the  direction  of  President  Hall,  to  whom 
we  are  also  indebted  for  the  monumental  work  on  '"Adolescence," 
recently  published.  A  brief  statement  of  some  of  the  striking  physi- 
cal and  mental  characteristics  of  the  adolescent  may  help  us  to  see 
him  in  relation  to  the  child  that  was,  on  the  one  hand,  and  to  the 
man  that  is  to  be,  on  the  other.  It  may  serve  to  suggest  an  answer 
to  some  of  the  (juestions  which  have  just  been  raised. 

I'Vom  birth  till  the  age  of  2\  years  the  growth  of  the  young  child 
is  very  rapid,  es])ecially  during  the  first  year.  After  2^  years  of 
age  growth  is  slower  and  more  nearly  uniform.  A  slight  period  of 
retardation  occurs  from  alxnit  6  or  7  to  10  or  12  years.  At  the  age 
of  from  10  to  12  years  in  girls,  and  from  12  to  14  years  in  boys, 
occurs  the  acceleration  in  growth  which  marks  the  oncoming  of  the 
pubescent  perio<l.  At  alK)Ut  18  years  of  age  another  peri(xl  of 
retardation  is  to  be  noted,  after  which  growth  continues  slowly  to 
a  time  which  is  variously  stated  by  different  authorities. 

In  later  childluKxl  —  the  years  from  8  to  12  —  the  boy  and  girl 
have  reached  a  period  of  relative  stability  of  mind  and  Ixxly.  The 
health  is  usually  gixxl,  and  there  is  a  great  fund  of  reserve  strength. 
The  senses  are  keen,  and  perce])tions  acute.  Interests  are  numerous 
and  o>ncrete.  Reactions  are  impulsive;  reason  is  but  slightly  de- 
velo|K*d. 

Contrasted  strongly  with  this  pericxl  of  relative  stability  is  the 
ensuing  stage  of  physical  and  ]>sychical  storm  and  stress.  It  is 
ushered  in  by  the  ]>eriod  of  acceleration  in  growth,  (^f  which  mention 
has  just  Ih\mi  made.  Muscles  and  Ix^nes  grow  apace.  'Fhe  heart 
alnu^st  doubles  in  size,  and  the  lungs  greatly  increase  their  capacity. 
The  brain,  which  has  grown  but  slowly  since  the  eighth  year,  ac- 
(|uires  nearly  its  adult  size  and  weight.  The  voice  change^ :  the  all 
IH^rvading  iutluence  of  sex  is  felt.  There  is  increased  ixnver  i«^ 
resist  disease,  though  the  period  has  its  own  s]Hvial  dampers:  di>- 
orvlers  of  the  alimentary  canal  are  es|Hvially  connnon  :  irregularities 
«»f  the  heart  ixvur.  anil  acci>rditig  it>  some  auth«>ri'ies.  tlK^re  i<  special 
iiabilitv  li>  infeciivMi  by  tulx^rculosis.  The  sleep  is  i>tteii  rostles<  aii'l 
broken.      Main  cases  of  hysteria  have  been  traceil  to  existiui^  oause> 
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at  this  period.  Certain  forms  of  insanity  have  been  noted.   Seventy- 
eight  per  cent  of  th^  cases  of  insanity  at  this  period  take  the  form 
of  mania,  while  most  of  the  others  are  due  to  melancholia. 
To  quote  Dr  Hall : 

Adolescence  is  a  new  birth,  for  the  higher  and  more  completely 
human^  traits  are  now  born.  The  qualities  of  body  and  soul  that 
now  emerge  are  far  newer  .  .  .  Development  is  less  gradual 
and  more  saltatory,  suggestive  of  some  ancient  period  of  storm  and 
stress  when  ancient  moorings  were  broken  and  a  higher  level 
attained  .  .  .  Important  functions  previously  nonexistent  arise. 
Growth  of  parts  and  organs  loses  its  former  proportions,  some  per- 
manently and  some  for  a  season  ...  It  is  the  age  of  sentiment 
and  of  religion,  of  rapid  fluctuation  of  mood,  and  the  world  seems 
strange  and  new.  Interest  in  adult  life  and  in  vocations  develops. 
Youth  awakes  to  a  new  world  and  understands  neither  it  nor  him- 
self. 

Dr  Burnham*s  investigations  seem  to  point  to  the  fact  that  this 
is  tlic  golden  time  for  genuine  interest  in  philosophical  studies,  for 
the  adolescent  is  possessed  of  an  insatiable  curiosity  to  know  the 
real  meanings  of  things.  He  wishes  to  relate  the  manifold  objects 
of  his  world  and  to  explain  them  by  referring  them  to  some  general 
law.  His  mind  is  capable  of  assimilating  knowledge  covering  all 
fields  of  human  activity,  but  the  power  of  expression  often  lags 
behind  that  of  appreciation. 

It  is  a  period  of  emotional  contrasts,  teachers  and  school  subjects 
are  either  hated  or  adored,  there  is  no  room  for  any  middle  position. 
The  love  of  nature  and  of  out  of  doors  may  now  be  awakened  for 
the  first  time.  Mr  E.  G.  Lancaster,  who  allowed  young  people  to 
express  their  own  feelings  and  opinions  which  he  published  in  a 
syllabus  on  "Adolescent  Phenomena  in  Mind  and  Body."  found  that 
of  702  retumsy  640  expressed  some  appreciation  or  love  for  nature 
at  this  period.  "  The  love  of  nature,"  Mr  Lancaster  says,  "  in  the 
time  of  its  appearing  and  the  curve  representing  it,  are  alinost  the 
same  as  those  of  the  religious  emotions.  It  is  really  a  religious 
instinct  and  the  child  is  finding  God  through  nature."  Out  of  the 
200  cases  taken  from  the  biography  of  prominent  men  and  women 
of  all  classes,  109  are  recorded  by  him  as  being  especially  moved  by 
natural  phenomena  at  this  age. 

Nothing  is  more  characteristic  of  the  young  adolescent  than  his 
superabundant  energy  of  mind  and  body.  He  fairly  overflows  with 
life.  As  Dr  Rurnham  says,  "  His  supreme  demand  is  contact  with 
life.  He  must  l)e  active ;  and  his  activity  must  have  relation  imme- 
diate or  prospective  with  the  world  about  him," 
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As  the  will  develops,  reflex  actions  are  brought  under  control  of 
the  higher  centers;  inhibition  plays  an  increasingly  important  part. 
The  volatile  activities  of  childhood  are  fixed;  character  emerges  as 
impulse  is  directed  and  controlled. 

The  foregoing  are  a  few  of  the  physical  and  mental  characteristics 
of  the  young  adolescent.  It  is  with  this  being,  newly  mad^  over, 
with  his  store  of  inheritance  from  the  past,  which  may  help  to  make 
or  mar  him  for  life;  with  his  tempestuous  emotions  almost  the  only 
guide  in  sailing  what  is  to  him  an  uncharted  sea;  with  his  super- 
abundant energy  and  will  to  express  himself;  with  his  insatiable 
curiosity  and  craving  to  know  the  true  meaning  of  the  life  he  is 
.to  live,  that  we  have  to  deal  in  the  early  years  of  the  high  school. 
The  question  with  which  we  started  is  brought  home  to  us  again : 
To  what  extent  do  our  science  courses  meet  the  needs  of  youth  at 
this  period? 

Before  attempting  a  partial  answer  to  this  question,  in  the  light 
of  what  has  so  far  been  presented,  it  must  be  noted  that  many 
questions  naturally  arise  to  which  at  present  no  satisfactory  answer 
can  be  given.  For  example,  should  boys  and  girls  have  the  same 
kind  of  science  training  in  the  high  school?  To  what  extent  should 
the  principle  of  periodicity  be  a  controlling  factor  in  the  arrange- 
ment of  high  school  programs  for  girls?  Should  pupils  preparing 
for  college  have  the  same  kind  of  science  work  as  those  who  do 
not  intend  to  pursue  their  school  education  beyond  the  limits  of 
the  high  school  ?  To  what  extent  should  high  school  science  studies 
be  specialized  to  meet  the  requirements  of  different  types  of  mind? 
How  far  should  they  be  specialized  to  meet  vocational  demands? 
These  are  but  a  few  of  the  questions  with  which  any  discussion  of 
the  subject  fairly  bristles. 

We  may  now  proceed  to  consider  in  the  light  of  what  has  already 
been  said,  some  criticisms  which  may  be  applied  to  our  higfh  school 
science.  In  an  article  by  Ed.cfar  James  Swift,  Fellow  of  Clark  X'ni- 
vorsity.  on  "  Standards  of  EflFlciency  in  School  and  in  TJfe  ''  pritite<] 
in  the  Pcdoi^oc^ical  Seminary  for  March,  too.^,  the  author  has 
brouc:ht  together  facts  to  show  how  some  eminent  men  and  women 
h.avc  responded  to  the  school  test.  The  list  of  those  who  have 
roacliod  eminence  in  some  domain  of  human  activity,  and  vet  faile«l 
in  porfomiing  school  tasks  in  a  satisfactory  manner  is  a  lonjj  one. 
Amoni^f  men  famous  in  science  are  T.innaeu*?.  Darwin.  Sir  T^aac 
Xowton.  Ale>.andor  \i^n  Humboldt,  John  Hunter.  Cliarles  Lvcll. 
Cuvier,  Sir  Humphrey  Davy.  Huxlev,  and  Priestley.  Tlie  VM 
could  W  indefinitely  extended.     Tlie  lack   of  adjustment  between 
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school  life  and  life  outside,  the  author  ascribes  to  a  fundamental 
difference  in  the  way  in  which  children  get  and  interpret  intelli- 
gence, since  his  experiments  in  the  psychology  of  learning  seem 
to  show  that  '*  the  visual,  auditory  and  motor  minded  only  im- 
perfectly share  in  the  experience  of  one  another."  This  criticism 
has  a  bearing  on  the  question  as  to  how  far  our  high  school  courses 
should  be  specialized  for  different  types  of  min'd,  but  this  problem 
can  not  detain  us  at  this  time. 

The  same  author  also  criticizes  school  work  as  too  strongly 
analytic,  and  this  is  of  importance  to  our  present  discussion.  '*  Life 
outside  of  school "  he  says,  *'  is  preeminently  synthetic,  and  fail- 
ure to  recognize  this  gives  force  to  the  claim  that  the  schools  are 
unpractical,  and  children  whose  minds  are  especially  synthetic  suffer 
by  comparison  with  those  that  take  naturally  to  analysis." 

Recent  statements  by  prominent  teachers  of  English  literature 
show  that  they  appreciate  this  danger  in  their  teaching.  They 
protest  against  the  analysis  which  dissects  a  masterpiece  so  that 
the  pupils  lose  the  feeling  for  the  whole  work. 

In  a  paper  on  "  Synthetic  Nature  Study "  before  the  nature 
study  section  of  this  Association  at  its  meeting  in  1901,  the  present 
writer  took  occasion  to  insist  on  the  necessity  for  a  wider  recogni- 
tion of  the  synthetic  principle  in  education.  Mental  organization  — 
the  power  to  do  work  —  depends  on  synthesis  of  elements.  Isola- 
tion and  analysis  are  necessary  but  the  emphasis  has  always  been 
placed  on  the  analytic  rather  than  the  synthetic  phase  in  our  teach- 
ing. Hence  the  failure  of  the  laboratory  method  in  science,  when 
unaccompanied  by  discussion  of  the  textbook,  the  function  of  which 
is  to  relate  the  more  or  less  isolated  data  of  the  laboratory  to  each 
other,  and  to  the  great  body  of  organized  knowledge  which  we 
call  science.  One  principle  of  synthesis  for  the  biological  sciences 
may  be  found  in  modem  evolutionary  views  as  to  organism,  func- 
tion and  environment.  We  have  not  yet  begun  to  appreciate  the 
full  importance  of  the  doctrine  of  organic  evolution  as  a  factor  in 
synthesis.  What  the  principle  of  the  conservation  of  energy  does 
for  physics,  binding  its  elements  into  an  organized  body  of  knowl- 
edge, the  doctrine  of  organic  evolution  does  for  the  life  sciences. 

The  great  emotional  and  intellectual  awakening  which  is  so 
characteristic  of  early  adolescence  seems  to  require  that  we  offer 
eArly  in  the  high  school,  or  in  the  last  year  of  the  elementary  school, 
a  broad  course  in  general  science  which  shall  be  intermediate  in 
character  between  the  nature  study  of  the  elementary  school  and 
the  science  work  of  the  later  years  of  the  high  school.    The  differ- 
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ences  conceived  to  exist  between  the  character  and  aim  of  nature 
study  and  science  have  recently  been  expressed  by  several  teachers 
in  a  symposium  in  the  Nature  Study  Retncw.  As  Dr  Bigelow  there 
says,  "  Nature  study  is  primarily  the  simple  observational  study  of 
objects  and  processes  for  the  sake  of  personal  acquaintance  with 
the  things  which  appeal  to  human  interest  directly,  and  independ- 
ently of  relations  'to  organized  science.  Natural  science  study  is 
the  close  analytic  and  synthetic  study  of  natural  objects  and  pro- 
cesses primarily  for  the  sake  of  knowledge  of  the  general  principles 
which  constitute  the  foundations  of  modern  science."  This  dis- 
tinction is  valid  in  a  large  way,  but  there  is  a  danger  in  connection 
with  its  application,  especially  at  the  period  of  adolescence  —  in 
that  it  may  tend  to  exclude  all  organization  of  material  on  a  scien- 
tific basis  in  the  later  years  of  the  elem.entary  school,  keeping  the 
child  too  long  in  the  leading  strings  of  a  simple  observational 
nature  study  when  he  is  anxious  and  able  to  begin  to  organize  his 
information  on  a  basis  more  nearly  approaching  the  scientific.  On 
the  other  hand  its  application  at  this  period  may  encourage  too 
early  an  insistence  on  rigid  logical  analysis  and  technical  scientific 
methods. 

This  intermediate  general  course  in  science  should  be  based  on 
laboratory  and  field  work  by  the  pupils,  and  offer  every  possible 
opportunity  for  healthful  and  organized  activity  by  means  of  ex- 
cursions afield,  to  museum  and  shop,  and  by  means  of  manual  work 
at  home  and  in  school.  It  should  make  a  strong  appeal  to  the  emo- 
tions and  to  the  imagination  at  the  same  time  that  it  presents  the 
truths  of  science.  While  scientific  in  the  sense  of  being  exact  and 
accurate  the  course  should  be  predominatingly  historic,  humanistic, 
synthetic  and  evolutionary  in  character.  It  should  treat  of  nature 
in  a  large  way,  broad  enough  in  its  scope  to  include  some  elements 
of  tlie  sciences  of  astronomy,  geology,  anthropology,  physics,  chem- 
istry, botany  and  zoolog>\  It  should  teach  the  elementary  facts 
of  personal  hygiene.  The  controlling  thought  of  the  course  should 
be  the  conquest  of  man  over  nature,  over  the  material  world  and 
its  forces,  over  the  plants  and  animals,  and  finally,  man's  conquest 
of  himself;  throughout  all  the  course  Ixith  as  an  individual  and  in 
ills  social  relations. 

Such  a  course  should  begin  with  the  observation  of  the  apparent, 
and  might  well  have  as  a  starting  point  the  study  of  the  visible 
heavens,  the  phases  of  the  moon,  the  movements  of  the  planets 
and  the  sun,  meteors  and  comets,  eclipses  of  the  sun  and  moon. 
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with  simple  explanation  of  the  real  constitution  of  tlie  heavenly 
bodies.  Ihis  is  also  the  time  for  sun  myths,  star  myths  and  moon 
myths,  and  all  the  rich  legendary  accompaniment  which  children 
love.  Gradually  the  geocentric  point  of  view,  which  is  that  alike 
of  children  and  of  primitive  peoples  should  give  place  to  the  helio- 
centric standpoint,  \yhence  should  follow  the  nebular  hypothesis, 
and  the  story  of  the  geological  history  of  the  planet  as  it  cooled 
.from  a  nebulous  mass  to  a  sphere  on  which  life  became  possible, 
and  the  further  story  of  the  development  of  life  on  the  globe. 
Laboratory  and  field  study  and  excursions  to  museum  collections 
should  give  this  work  the  necessary  objective  foundation.  If  the 
geography  of  the  elementary  school  has  been  of  the  older  type,  con- 
cerned primarily  with  topography  and  the  political  relations  of 
peoples,  it  would  be  well  to  include  here  some  simple  observa- 
tional work  in  physiography,  the  character  of  the  work  depending 
on  the  opportunities  the  home  region  offers.  The  work  of  geo- 
logical forces  is  still  going  on,  and  evidences  of  former  activity 
are  everywhere  available,  but  in  lieu  of  the  real  objects  and  in 
ad(lition  to  them,  pictures,  lantern  slides,  stereographs,  selected 
series  of  fossils,  and  models  of  physiographic  structures  should  be 
uilized.  The  story  of  man's  evolution  from  a  prehistoric  savage 
ancestry  should  be  told  in  this  connection,  illustrated  by  the  largest 
possible  use  of  anthropological  material.  In  physics  and  chemistry 
the  topics  should  be  presented  with  laboratory  experiment,  but  in 
historical  perspective,  and  with  constant  reference  to  biography. 
Time  is  lacking  today  for  the  further  development  of  this  course. 
It  has  been  given  at  the  Ethical  Culture  School  for  the  past  lo  years 
to  children  of  the  eighth  grade  —  the  last  year  of  the  elementary 
school. 

Whether  or  not  a  general  course  in  science  such  as  that  already 
outlined  in  part,  be  offered  in  the  last  year  of  the  elementary  school, 
or  the  first  year  in  the  high  school  there  is  the  further  problem  as 
to  the  sequence  of  the  special  sciences  in  the  high  school.  There 
is  as  yet  no  uniformity  in  the  order  in  which  the  science  courses 
are  offered,  liotany,  physioh^gy,  physics,  chemistry  and  zoology, 
are  the  sciences  most  often  chosen,  in  a  smaller  number  of  cases 
physical  ge(jgraphy  is  given.  Astronomy  and  geology  are  usually 
left  to  the  college.  Physiology  is  very  generally  given  a  place  in 
the  first  or  second  year.  In  the  East  the  biological  sciences  are 
more  generally  given  early  in  the  course,  in  the  West  they  are 
usuallv  offered  later.     Tt  has  been  stated  bv  some  that  the  interest 
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in  living  tilings  is  likely  to  be  greater  in  the  early  teens  than  later. 
Some  have  preferred  to  place  physics  late  in  the  course  on  account 
of  the  mathematics  involved.  The  writer  beUeves  that  there  is 
danger  of  losing  the  psychological  moment  for  the  nascent  period 
of  interest  in  living  tilings  if  physics  or  chemistry  precede  the 
organic  sciences  in  the  high  school  course. 

If  the  biological  sciences  are  placed  in  the  first  or  second  year 
of  the  high  school,  it  would  seem  from  what  has  been  said  of  the 
nature  of  adolescents  tliat  tliere  were  strong  arguments  in  favor 
of  a  single  course  in  biology,  as  against  a  year  of  either  botany 
or  zoology;  and  in  favor  of  including  in  this  course  some  work 
in  human  physiology.  The  latter  subject  has  always  had  an  anom- 
alous position  in  the  high  scliool.  Though  usually  offered  as  a  first 
year  subject,  it  can  not  be  presented  at  that  time  with  the  prepara- 
tory biological  work  which  gives  it  meaning  and  perspective.  The 
effort  of  teachers  of  physiology  today  to  give  the  subject  an  ob- 
jective basis  in  laboratory  work  is  to  be  commended,  but  if  it  is 
approached  after  some  study  of  the  plants  and  lower  animals,  it 
gets  a  new  meaning  and  interest.  In  this  way  the  most  important 
physiological  principles  having  been  studied  in  their  simpler  mani- 
festations, and  a  great  body  of  morphology  being  available  to  help 
in  understandiiig  the  structure  of  the  most  complex  of  all  organ- 
isms, most  of  the  time  of  this  part  of  the  course  can  be  given  to 
the  subject  of  hygiene. 

And  now  a  word  as  to  the  content  of  biological  courses  in  the 
high  school.  Observation  in  the  classroom,  examination  of  the 
printed/  putlines  of  courses  and  discussion  with  teachers  seem  to 
show  that  the  emphasis  is  still  too  strongly  placed  on  the  physio- 
logical and  morphological,  to  the  exclusion  of  the  practical  and 
economic  relations  of  the  subject.  It  is  comparatively  easy  to  build 
up  a  knowledge  of  the  life  sciences  with  the  modern  laboratory 
facilities.  The  danger  is  that  this  structure  reared  will  be  founded 
merely  on  the  laboratory,  and  thus  fail  of  contact  with  nature,  or 
with  vital  human  interests  in  the  outside  world.  The  laboratory 
is  a  means  to  an  end.  In  our  effort  to  build  up  a  scientific  body  of 
knowledge,  we  should  see  that  it  does  not  fail  to  touch  life  as 
closely  as  possible,  and  be  in  some  measure  a  preparation  for  that 
larger  life  of  the  world  outside  of  the  laboratory  walls.  There 
should  be  a  garden  and  conservatory  in  connection  with  every 
]x)tanical  laboratory,  as  there  should  be  a  vivarium  accessible  to 
every   high   school   student   of  zoology.      Here   every   opportunity 
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should  be  offered  tile  pupil  to  experiment  and  to  observe  phenomena 
which  are  directly  related  to  human  activity.  I  am  well  aware  that 
this  savors  of  a  counsel  of  perfection  but  I  believe  that  the  demand 
will  be  justified  in  the  fulness  of  time. 

President  ilall,  in  his  "Adolescence/'  from  which  we  have  already 
quoted,  takes  teachers  of  science  to  task  for  violating  '*  the  basal 
law  of  psychic  growth  "  in  the  exact,  technical,  logical  way  in  which 
the  sciences  are  taught.  He  thinks  **  the  modem  pedagogy  of  science 
is  threatened  witli  a  singular  alienation  from  the  love  of  nature," 
illustrated  in  the  use  of  technical  nomenclature,  in  the  too  early 
use  of  mathematics,  and  in  the  overemphasis  on  morphology.  There 
should  be,  he  says,  *'  a  humanistic  propaedeutic,  because  growth  in 
the  adolescent  period  is  in  the  humanistic  stage.  Love  and  enthu- 
siasm for  nature,  if  it  is  ever  to  arise,  is  now  in  order.  Nature  is 
sentiment  before  it  becomes  idea,  or  formula  or  utility.''  He  says 
specifically  of  high  school  teachers  of  biology  that  they  have  singu- 
larly lost  contact  with  the  nature  and  needs  of  childhood  and  growth. 

Prof.  E.  G.  Conklin,  of  the  University  of  Pennsylvania,  in  a 
recent  lecture  before  the  New  York  Association  of  Biology  Teach- 
ers, criticized  the  emphasis  placed  on  morphology  by  teachers  of 
biology.  **  They  seem,"  he  said,  ''  to  have  forgotten  the  defimtion  of 
the  word  biology,  as  the  science  has  to  do  with  living  things,  and 
make  of  it  the  study  of  the  dead  bodies  of  animals  and  plants." 

Evidence  is  accumulating  that  a  great  change  is  now  being  effected 
toward  a  broader  biology  teaching,  and  with  a  fuller  knowledge 
of  the  nature  of  adolescence  other  changes  are  sure  to  follow,  espe- 
cially in  the  direction  of  humanizing  the  science,  so  that  from  it 
shall  be  struck  the  sparks  that  will  glow  in  later  life  with  passion 
for  the  great  world  of  out  of  doors  and  help  to  bring  men  truly 
back  to  a  love  for  nature. 

Only  brief  mention  can  be  made  of  the  inorganic  sciences.  It 
seems  to  the  writer  that  the  earth  sciences,  geology  and  physi- 
ography, belong  to  a  later  stage  of  development  than  the  life 
sciences,  except  in  the  elementary  way  in  which  part  of  their  field 
can  be  opened  to  young  pupils  in  the  general  science  course  already 
outlined.  This  seems  to  be  true  when  the  native  interest  in  the 
phenomena  concerned  is  considered,  and  it  seems  true  when  we 
think  of  the  character  of  the  laboratory'  and  field  work  which  these 
sciences  can  offer  to  young  students,  and  the  relative  maturity  of 
mind  required  to  relate  the  facts  of  these  bodies  of  knowledge. 
Certainly  with  the  pressure  of  many  subjects  in  the  high  school 
there  is  need  of  condensation  and  even  elimination.    The  claims  of 
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both  physics  and  chemistry  are  vaHd;  it  would  be  most  unfortu- 
nate if  either  of  these  were  crowded  out  of  the  high  school.  One 
general  criticism  of  these  subjects  is  the  same  as  has  already  been 
made  with  reference  to  work  in  the  life  sciences  —  that  it  would 
seem  that  both  physics  and  chemistry  ought  to  be  able  to  make  a 
more  definite  contribution  to  the  needs  of  life  after  the  school  period. 
Mr  E.  C.  Whitman  in  an  unpublished  paper  has  offered  some  sug- 
gestions for  what  he  called  a  course  in  *'  domestic  chemistry.''  It 
might  be  well  for  teachers  of  chemistry  to  consider  how  far  some 
of  the  more  important  of  these  topics  could  be  incorporated  into  a 
course  in  general  chemistry,  tending  to  give  it  a  more  practical 
application  to  life.  Some  of  the  topics  he  suggests  for  study  are 
as  follows: 

Hygienic  care  of  the  house  cleaning ;  dangers  from  dust ;  sweep- 
ing and  dusting;  use  of  oil  on  floors 
Cleansing 

Removal  of  ink  and  grease  spots,  fruit  stains,  paint 
Bleaching  and  dyeing 
House  drains,  sewers 
Disinfection  and  fumigation 
Chemicals  for  eiuergencies.     Poisons 
Drinking  water.     Sources  of  pollution 

Methods  of  purifying  water 
Foods 

Classification  of  the  chemical  constituents  of  foods  and  study 

of  typical  compounds  in  each  group 
Chemistry  of  digestion.    The  action  of  enzymes 
Nutritive  values  and  cost  of  foo<l 
Methods  of  canning  fruit  and  vegetables 

Dangers   from  bacteria,  souring,  decay,  development  of  ])to- 
maines.     The  refrigerator,  pure  ice 
Adulteration  of  foods,  coloring,  preservatives 
Fermentation,  yeasts,  vinegar 
Chemical  analysis  of  baking  j)ow(lers 
Chemistry  of  bread  niaKing 
Proprietary  medicine  frauds 
Study  of  the  laws  relating  to   j)urc   food,  and   laws  needed    for 

])rotection  of  the  consumer 
The  sanitary  condition  of  the  city 

My  attention  was  drawn  to  the  (jucstion  with  which  we  have 
been  concerned  this  afternoon  after  several  years'  ex])ericnce  in 
teaching  nature  study  to  kindergarten  noinial  training  classes  com- 
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posed  of  girl  graduates  of  the  higii  schools  of  New  York  city  and 
vicinity.  I  had  often  been  surprised  at  the  apparent  ignorance  of 
many  of  these  pupils  of  the  simplest  phenomena  of  everyday  Hfe, 
even  after  they  had  taken  several  different  science  courses  in  the 
high  school.  And  what  seems  far  more  imjxjrtant,  I  could  not  see 
that  there  was  any  vital  interest  in  nature  on  which  to  build.  I 
then  began  to  consider  why  the  higli  school  science  work  should 
not  have  made  a  more  definite  impression  on  the  minds  of  the 
pupils. 

In  order  to  get  some  idea  of  the  pupils'  own  views  as  to  the  value 
of  their  high  school  work  in  science  the  following  questions  were 
put  to  the  pupils  in  this  year's  junior  and  senior  classes  of  an 
average  age  of  19  and  20  years  respectively. 

What  science  work  did  you  have  in  the  high  school?  Describe 
briefly  the  character  of  that  work. 

Were  you  deeply  interested  in  the  work  at  the  time?  Why?  Are 
you  still  interested  in  the  same  subject  or  subjects? 

Do  you  now  feel  that  the  work  was  of  value  in  fitting  you  for 
further  study,  especially  of  science?  If  so,  in  what  way  primarily? 
(Jn  account  of  the  information  gained,  the  habits  of  study  and 
thought  fomied,  or  in  the  interest  aroused? 

Time  is  wanting  this  afternoon  for  a  detailed  analysis  of  the 
returns.  In  general  it  may  be  said  that  nearly  all  the  pupils  ex- 
pressed themselves  as  much  interested  in  the  work  at  the  time, 
and  nearly  as  large  a  numl>er  said  their  interest  had  continued  to 
the  present  time.  Nearly  all  said  that  the  work  had  been  helpful, 
the  majority  counting  as  most  valuable  the  interest  aroused  and  the 
information  gained. 

It  must  be  confessed  that  the  returns  were  a  surprise  in  view 
of  the  large  numl>er  who  felt  that  they  were  deeply  interested  in 
the  study  of  nature,  and  had  profited  at  least  to  the  extent  of  having 
gained  some  information  on  the  subjects  studied.  It  then  occurred 
to  me  to  attempt  to  test  this  knowledge,  and  the  following  request 
was  made  of  the  classes  at  a  subsequent  time : 

Write  a  short  essay  on  any  science  subject  which  you  studied 
in  the  high  school,  and  which  you  think  you  understand  today. 

The  results  obtained  from  this  series  of  pai>ers  bore  out  the  gen- 
eral impression  already  formed  of  the  pupils  —  that  there  was  in 
reality  very  little  accurate  knowledge  of  some  of  the  simplest  science 
subjects.  They  can  hardly  be  considered  to  be  vitally  interested 
since  they  are  not,  as  a  rule,  carrying  on  any  independent  observa- 
tions, or  study  of  nature. 


22  NEW    YORK   STATE  SCIENXE   TEACHERS   ASSOCIATION       [l>EC.   26 

From  ail  experience  with  these  pupils  covering  a  period  of  over 
fifteen  years,  and  especially  from  returns  which  have  come  to  me 
from  the  pupils  after  they  have  gone  out  to  teach,  I  am  convinced 
that  the  most  precious  result  of  nature  work  with  adolescent 
pupils  is  emotional,  rather  than  intellectual.  The  windows  of  the 
soul  never  open  as  widely  on  nature  as  in  those  days  when  the  first 
flush  of  the  new  spring  of  life  is  felt  in  tlie  early  teens.  If  the 
psychological  moment  to  arouse  and  develop  an  interest  in  and  love 
for  nature  is  lost,  the  child  grows  up  emotionally  atrophied,  and 
intellectually  dwarfed.  He  is  hopelessly  crippled  in  power  to  make 
any  independent  observations,  or  to  reason  about  natural  phenomena, 
for  he  lacks  the  motive  power  which  moves  the  man  of  science.  We 
observe  and  study  the  tilings  we  care  for,  and  because  we  care  for 
them.  There  is  no  such  thing  as  training  a  faculty  of  obseryation 
and  power  of  reasoning  when  feeling  does  not  supply  a  niotfve 
power. 

It  is  not  so  mucli  the  purpose  of  this  paper  to  criticize  the  science 
work  of  high  schools,  as  to  bring  the  question  before  thinking 
teachers.  In  how  far  does  our  work  \n  science  meet  the  highest 
needs  of  our  pupils  ?  In  order  to  answer  the  question  science  teach- 
ing must  be  grounded  in  a  knowledge  of  the  nature  of  the  pupils 
we  are  aiming  to  instruct.  It  is  full  time  that  it  is  recognized 
that  there  are  problems  for  the  high  school  teacher  of  science  to 
investigate  in  the  classes  which  pass  before  him,  and  that  it  should 
at  least  be  expected  of  the  teacher  that  he  know  as  much  of  the 
instinctive  reactions  of  homo  sapiens  juvcnis,  as  of  Amoeba  protcus. 

It  is  only  when  this  knowledge  is  generally  available  that  the 
science  work  of  the  high  school  can  be  of  its  greatest  service  to  the 
soul  of  youth  in  the  upbuilding  of  character,  in  the  sense  in  which 
Emerson  uses  the  word.  "  Character  denotes  habitual  self-posses- 
sion, habitual  regard  to  interior  and  constitutional  motives,  a  balance 
not  to  be  overset,  or  easily  disturbed  by  outward  events  and  opinions, 
and  by  implication  points  to  the  source  of  right  motive." 
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SECTION  MEETINGS 
Wednesday  afternoon,  December  26 

Section  A  — PHYSICS   AND  CHEMISTRY 

MOKE  IITTEBEBTING  AND  PBACTICAL  MECHANICS  FOB  THE  HIGH  SCHOOL 

(Abstract) 
BY   J.    M.    JAMESON,    PRATT    INSTITUTE,    BROOKLYN 

The  man  who,  in  these  days,  is  to  take  his  proper  place  in  the 
community  in  which  he  Hves,  who  is  to  be  a  producer  and  giver 
as  well  as  a  consumer  and  receiver,  must  be  familiar  with  the 
larger  principles  of  mechanics.  The  number  of  mechanical  appli- 
ances in  common  daily  use  is  multiplying  with  almost  incredible 
rapidity ;  automatic  machinery  with  its  resulting  rapidity  and  cheap- 
ness of  output  is  everywhere  replacing  hand  labor  in  manufacturing 
establishments;  facilities  for  transportation  and  communication  are 
being  developed  in  even  the  smallest  villages;  new  bridges,  sub- 
ways, public  buildings,  etc.  are  everywhere  in  process  of  design 
or  construction.  Our  business  and  professional  men,  our  public 
officials,  in  fact  our  men  of  affairs  of  whatever  kind  are  constantly 
placed  in  situations  which  demand  from  them  industrial  and 
mechanical  intelligence. 

We  rely  upon  our  public  schools  for  the  education  of  the  great 
body  of  our  people.  Hence  it  immediately  becomes  a  pertinent 
question :  What  are  our  public  schools  and  particularly  our  high 
schools  doing  to  develop  industrial  and  mechanical  intelligence? 

Now  I  do  not  wish  to  bo  understood  as  suggesting  that  our  high 
schools  should  provide  instruction  in  the  particular  activities  in 
w^hich  its  graduates  are  likely  to  engage.  .  Such  instruction  might 
produce  a  few  skilled  artisans ;  it  would  hardly  develop  broad  intel- 
ligence. I  am  not  suggesting  trade  courses  or  even  technical  in- 
struction. But  I  do  feel  that  our  high  school  courses  and  —  since 
that  is  the  subject  with  which  we  are  immediately  concerned — that 
our  high  school  course  in  ])hysics  in  particular,  should  be  suited  to 
tlie  needs  of  the  pupils ;  that  it  should  connect  immediately  and  in 
no  uncertain,  half  definerl  way,  with  life  problems;  that  it  should 
furnish  a  broad  and  really  intelligent  grasp  of  such  fundamental 
practical  ideas  as  the  principles  governing  the  distribution  of  forces 
in  structures,  the  transmission,  transfomiation,  and   utilization  of 


24  NEW    YORK    STATE  SCIENCE   TEACHERS  ASSOCIATION       [DEC.  26 

energy  together  with  the  conditions  which  control  the  losses  during 
such  processes;  and  above  all,  that  it  should  provide  such  oppor- 
tunities for  experimenting  with  real  problems  in  an  actual  way  as 
shall  develop  the  ix)int  of  view  and  resourcefulness  necessary  to 
meet  successfully  the  rapidly  changing  conditions  characteristic  of 
the  age.  The  days  of  apprenticeship  are  past,  for  the  system  is  too 
slow  for  modem  progress.  Before  the  period  of  the  apprenticeship 
is  completed,  the  methods  learned  are  out  of  date.  The  need  is, 
nowadays,  for  quick,  resourceful,  broadly  trained  minds  which  are 
capable  of  rapid  development  along  several  lines. 

Physics  is  admirably  adapted  by  the  nature  of  its  subject-matter 
to  be  one  of  the  most  effective  agents  in  providing  the  type  of  train- 
ing just  suggested.  It  may  be  used  for  the  purpose  without  sac- 
rificing in  any  way  the  cultivation  of  judgment,  of  regard  for  truth, 
of  precision,  and  of  those  other  intellectual  and  moral  qualities  for 
which  the  physics  teacher  strives  and  in  the  capacity  for  which  he 
l>elieves  his  subject  to  be  rich  almost  beyond  comparison.  And  yet 
we  must  admit  that  physics  teaching  as  now  generally  conducted  in 
our  high  schools,  is  not  contributing  greatly  to  this  end.  Several 
reasons  in  my  judgment  may  be  advanced  for  this  failure,  foremost 
among  which  should  be  mentioned  the  neglect  on  the  ])art  of  so 
many  teachers  of  physics  to  provide  proper  instruction  in  mechanics. 

During  the  past  five  years,  several  hundred  physics  laboratory 
notebooks  submitted  to  the  College  Entrance  Examinations  Board 
from  all  sections  of  the  country  have  passed  through  my  hands. 
These  books  are  always  better  evidence  of  the  teacher's  conception 
of  his  physics  laboratory  work,  of  the  ideals  he  has  created  and  of 
the  spirit  he  has  succeeded  in  arousing  than  they  are  of  the  mental 
equipment  of  the  pupils.  The  most  striking  general  conclusion 
which  they  seem  to  point  is  what  may  be  termed  the  too  general 
indifference  of  physics  teachers  toward  the  subject  of  mechanics. 

Under  the  very  broad  provisions  of  the  Examinations  Board  re- 
garding the  distribution  of  the  laboratory  exercises  among  the  sub- 
divisions of  physics,  mechanics  is  frequently  minimized  to  provide 
more  time  for  light  or  sound.  Not  infrequently  the  entire  lalxiratory 
work  in  this  subject  is  represented  by  three  or  four  exercises  in 
measurements  —  such  as  the  distance  between  two  fixed  points,  the 
dimensions  of  a  block,  or  the  diameter  of  a  cylinder  or  SDherc.  six 
or  seven  exercises  in  detennining  specific  gravity ;  an  illustration 
of  the  parallelogram  of  forces,  and  Boyle's  law.  There  is  nowhere 
any  evidence  of  an  attempt  to  show  the  application  of  the  two  last 
mentioned. 
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Those  books  which  incHcate  greater  time  spent  on  mechanics  rep- 
resent an  attempt  to  cover  a  larger  proportion  of  the  work  now 
laid  down  in  one  of  the  several  lists  of  laboratory  exercises  regarded 
as  suitable  for  secondary  sclu;f>ls  rather  than  any  serious  attempt 
on  the  part  of  the  teacher  to  so  modify  the  character  of  the  teaching 
as  to  make  this  subject  really  useful  either  for  information  or  for 
training.  In  none  of  them  is  there  evidence  of  an  endeavor  to  keep 
pace  with  the  changes  in  the  interests  of  pupils,  to  recognize  the 
different  surroundings  which  now  control  their  lives,  or  to  provide, 
for  the  practical  problems  which  they  are  preparing  to  meet.  The 
average  index  of  exercises  in  mechanics  differs  in  no  essential 
respects  from  the  original  list  which  appeared  in  that  now  ancient 
classic — **  The  Report  of  the  Committee  of  Ten.*' 

Again  the  emphasis  placed  upon  the  several  subdivisions  of  me- 
chanics is  not  properly  distributed.  The  time  available  for  physics 
in  the  high  scIkk)!  is  necessarily  short,  and  in  teaching  mechanics, 
therefore,  the  great  princi]3les  which  are  far-reaching  in  their  appli- 
cations, should  be  emphasized  and  the  relatively  unim]X)rtant  por- 
tions passed  over  lightly.  Lender  such  circumstances,  what  could 
be  more  absurd  than  a  selection  of  lalK)ratory  exercises  which,  out 
of  a  total  of  29  possible  exercises  in  mechanics  gives  8  or  nearly 
30f/  of  them  to  six»cific  gravity,  4  or  over  14^  to  special  levers,  6  or 
nearly  2Vr  to  the  technical  subject  of  the  properites  of  materials 
as  against  7^  to  forces  other  than  ]>arallc'l,  and  none  whatever  to 
the  laws  of  rotating  lK)dies,  or  to  the  great  principle  of  energy 
transfer,  work,  efficiency,  and  conservation  of  energy? 

Then  also  too  much  time  is  s])ent  in  the  presentation  of  mechanics, 
dawdling  over  trivial  and  obvious  facts.  We  should  credit  our 
pupils  with  a  reasonable  amount  of  common  sense  and  an  ability  to 
"rise  to  the  occasion"  if  recjuired.  IVopositions  which,  when 
fairly  presented,  are  grasped  at  once  in  all  essential  details,  do  not 
require  demonstration.  For  example,  what  pupil  needs  actual  ex- 
perimental proof  that  the  u])ward  reaction  at  the  fulcrum  of  a  lever 
is  equal  to  the  sum  of  all  forces  downward?  Or  to  carry  through 
separate  exercises  on  the  effect  of  the  weight  of  a  lever,  or  on  each 
case  of  the  artificial  classification  into  levers  oi  the  first,  second, 
or  third  class?  To  be  sure  these  things  may  be  so  fogged  in  a  haze 
of  directions  that  lK)th  pupil  and  teacher  are  worried.  But  the  diffi- 
culty here  arises  not  from  the  fact  that  the  mechanics  is  too  hard 
but  because  attention  is  focused  ui)(>n  carrying  out  a  set.  rigid  pro- 
cedure without  slip  or  omission.  All  actual  levers  have  weight;  all 
obey  the  common  law  of  moments.     Teach  the  pu])il  what  is  meant 
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by  moment  of  force  and  by  moment  arm;  show  him  how  to  pick 
out  the  moment  arm  with  respect  to  a  given  axis;  put  the  whole 
case  fairly  before  him  and  let  him  use  some  initiative.  In  nearly 
every  instance  he  will  readily  find  his  own  way,  and  will  see  for 
himself  that  the  weights  of  the  parts  of  structures  always  come  in 
as  additional  forces  with  moments  which  must  not  be  omitted,  and 
that  certain  general  conditions  must  always  be  met  in  any  arrange- 
ment of  forces. 

The  method  here  suggested  of  taking  problems  in  the  large  and 
allowing  for  special  conditions  as  they  arise  without  separate  dem- 
onstration is  of  the  utmost  importance  to  the  teaching  of  mechanics. 
In  the  first  place  it  concentrates  attention  on  main  principles  and 
crowds  special  details  into  the  background  where  they  properly 
belong.  It  cultivates  resourcefulness.  And  finally  it  saves  time  so 
that  exercises  of  real  practical  value  may  be  introduced,  which 
shall  arouse  the  pupiFs  interest  and  directly  connect  his  study  of 
mechanics  with  the  problems  and  appliances  of  his  daily  life. 

Finally,  and  perhaps  I  ought  to  say,  chicHy,  mechanics  teaching 
is  not  now  accomplishing  its  legitimate  share  in  the  training  of 
high  school  pupils  because  we  teachers  fail  so  frequently  to  inti- 
mately connect  the  classroom  and  laboratory  work  with  the  daily 
experiences  and  interests  of  the  pupils.  All  young  people  are  inter- 
ested in  explanations  of  large  enterprises ;  in  things  that  ''  go  '*  and 
things  that  "  do."  But  our  laboratory  apparatus  illustrates  academic 
conditions  and  fails  to  suggest  the  ix)ssibility  of  practical  applica- 
tions. Our  pupils  therefore  soon  fall  into  the  habit  of  regarding 
their  mechanics  much  as  they  (!o  certain  other  subjects  in  the  school 
curriculum,  as  a  thing  to  be  endured  rather  than  enjoyed,  to  be 
passed  with  credit  if  possible,  but  under  no  circumstances  as  any- 
thing which  exists  other  than  in  the  abstract  to  be  always  shut  in 
by  the  classroom  or  laboratory  door. 

Xow  what  should  be  done  to  put  the  mechanics  teaching  "  in 
phase  **  with  the  conditions  of  the  day  so  that  it  may  become  as  it 
properly  should,  a  valuable  agent  in  high  school  education?  T  am 
hoping  much  from  the  so  called  "  new  movement  among  physics 
teachers.*'  It  is  a  question,  too,  which  in  my  opinion  this  organi- 
zation might  well  take  up.  But  whatever  the  source  of  the  move- 
ment, two  things  must  be  accomplished :  many  teachers  must  be 
roused  to  a  better  conception  of  the  aims  and  possibilities  of 
mechanics  teaching;  and  sweeping  changes  must  be  effected  in  sub- 
ject-matter and  in  the  manner  of  presentation.  Toward  this  move- 
ment I  wish  to  offer  the  following  suggestions : 
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1  That  all  formal  exercises  in  measurements  of  lengths,  diameters 
etc.  should  be  omitted,  and  such  measurements  taken  only  as 
required  for  the  purposes  of  some  actual  experiment.  Only  when 
done  in  this  way  as  a  means  to  a  clearly  defined  end  do  they  possess 
value  or  interest. 

2  That  the  laboratory  exercises  in  specific  gravity  determinations 
and  allied  ideas  be  not  more  than  two  in  number.  These  should 
establish  the  principle  of  the  buoyant  force  of  liquids  and  ^^l  the 
idea  of  the  term  specific  gravity.  Any  loss  which  seems  to  be  in- 
curred through  this  reduction  in  the  number  of  such  exercises  will 
be  more  than  repaid  by  the  exercises  which  replace  them. 

3  That  time  be  economized  through  a  better  grouping  of  the 
facts  of  mechanics.  For  example,  all  the  somewhat  scattered  ideas 
of  statics  may  be  grouped  around  the  central  idea  that  the  forces 
acting  must, produce  no  change  irt  the  existing  condition  of  motion 
of  the  body  acted  upon.  It  follows  therefore  that  the  forces  in  any 
g^ven  direction  must  always  be  balanced  by  equal  forces  in  the  oppo- 
site direction;  and  that  any  tendency  which  the  forces  may  have 
to  produce  rotation  in  one  direction  must  be  counteracted  by  an 
equal  moment  in  the  opposite  direction.  In  other  words  we  have 
the  general  conditions  for  equilibrium  in  a  plane  that  the  sum  of 
the  X  forces,  the  sum  of  the  Y  forces,  and  the  sum  of  the  moments 
must  each  be  zero.  This  is  a  central  idea  that  sooner  or  later  in 
his  study  every  pupil  should  obtain.  The  parallelogram  law,  parallel 
forces,  and  nonconcurrent  forces  may  then  all  be  reviewed  as  special 
arrangements  of  forces,  coming  under  these  general  conditions. 

Again  the  idea  that  action  and  reaction  are  always  equal  and 
opposite  is  a  convenient  starting  point  for  teaching  not  only  statics 
but  also  dynamics  where  inertia  reactions  must  be  considered. 

4  That  instruction  be  given  in  the  dynamics  of  rotating  bodies. 
This  is  too  important  and  too  general  an  idea  to  be  omitted  as  is  now 
generally  done.  The  laws  of  rotational  acceleration,  and  of  the  rela- 
tions of  moment  of  force,  rotational  inertia  and  angular  acceleration 
should  6e  taught  at  least  in  their  general  aspects,  as  well  as  the  cor- 
responding cases  of  motion  of  translation.  Such  topics  as  the  stored 
energy  of  the  rotating  parts  of  a  machine,  energy  relations  in  start- 
ing and  stopping  machinery,  etc.,  should  also  be  discussed. 

5  That  the  general  laws  of  statics  discussed  in  the  classroom  and 
lecture  periods,  should  be  apph'ed  in  the  laboratory  through  a  study 

*of  models  of  structures  which  reproduce  as  nearly  as  possible  the 
conditions  of  actual  practice.     These  models  may  be  readily  con- 
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structed  at  small  cost  and  should  always  be  large  enough  to 'suggest 
possibilities  of  actual  use  as  then  only  will  they  command  respect 
and  arouse  interest.  Various  forms  of  trusses,  derricks,  cranes, 
arches  etc.  may  be  suggested  as  suitable  subjects  for  models.  And 
here  it  should  be  said  that  it  is  not  necessary  and  indeed  not  often 
desirable  that  there  be  duplicates  enough  for  all  members  of  a  sec- 
tion to  be  doing  the  same  thing  at  the  same  time,  or  that  any  pupil 
should  work  exi>erimentally  with  all  models.  The  ideas  are  suffi- 
ciently similar  so  that  no  confusion  need  arise,  and  much  value  may 
be  obtained  through  discussions,  before  the  class,  of  the  results 
obtained  by  different  observers.  Again  it  is  not  necessary  that  a 
student  make  a  complete  study  of  a  given  model.  The  need  in  sec- 
ondary instruction  is  not  for  precise  knowledge  of  theory,  but  rather 
of  the  thing  itself;  what  it  means,  what  it  does,  what  are  its  effects 
and  applications.  Hence  a  number  of  studies  may  be.  made  of  each 
model,  each  one  designed  to  find  out  one  definite  point.  In  this 
way  the  work  may  be  made  as  easy  or  as  difficult  as  desired  and 
may  be  made  to  fit  in  with  any  schedule  of  laboratory  time. 

6  That  each  student  be  provided  opportunity  to  study  the  trans- 
mission and  utilization  of  energy,  to  trace  and  measure  the  loss 
in  all  these  processes  and  to  study  ways  of  reducing  such  losses. 
The  facilities  for  this  study  will  depend  greatly  upon  the  equipment 
and  power  supply  of  the  school.  In  any  case,  it  is  not  difficult  to 
provide  various  small  gear,  belt,  and  sprocket  machines  which  may 
be  operated  by  means  of  cords  passing  around  drums  attached  to 
the  shafts  and  supporting  scale  pans.  The  sprocket  wheels  of  an 
old  bicycle  which  may  be  obtained  at  small  cost  from  any  junk 
shop  provides  apparatus  for  several  excellent  exercises.  These 
small  machines  should  always  be  made  up  from  commercial  ])arts 
and  should  not  be  fitted  too  freely  with  special  l)all-bearing  or  fric- 
tion-reducing devices.  They  should  be  large  enough  for  some 
actual  service.  Let  the  pupil  deal  with  the  conditions  which  obtain 
in  practice.  The  one  experiment  of  this  sort  most  often  used,  that 
of  the  efficiency  test  of  a  system  of  pulleys,  done  as  it  usually  is 
with  an  8  ounce  balance  and  si)ecial  cone-bearing  pulleys  chiving  an 
efficiency  that  is  absurdly  high  seems  to  me  in  these  days  to  be 
almost  if  not  quite  worse  than  nothing.  Tf  the  experiment  is  done 
let  it  be  with  a  I  inch  rope,  a  heavy  weight  and  the  jMilley  sheaves 
of  common  use. 

Where  the  equipment  of  the  school  will  permit,  also  this  line  of 
study  may  he  extended  to  a  study  of  speeds  and  friction  of  shafting. 
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the  general  details  of  the  school  power  plant,  efficiency  tests  of 
electric  and  water  motors,  etc.  The  teacher  should  not  feel,  how- 
ever, that  this  larger  equipment  is  absolutely  essential  to  good  in- 
struction in  the  sort  of  mechanics  here  suggested.  Excellent  results 
may  be  obtained  with  the  small  devices  mentioned  above  which  are 
surely  available  for  every  laboratory. 

[In  conclusion,  to  illustrate  the  type  of  instruction  suggested  as 
needed,  the  speaker  exhibited  lantern  slides  showing  models  of  a 
simple  truss,  roof  truss,  crane,  and  arch  now  in  use  at  Pratt  Insti- 
tute, also  of  a  screw  jack  arranged  for  an  efficiency  test,  and  of  an 
apparatus  for  studying  rotary  motion,  and  the  kinetic  energy  of  a 
rotating  body.] 
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Section  B  — BIOLOGY 

BIOLOGY   AS   ]f£THOD   AVD   AS  A  SCIENCE   IN   SECOKBART   SCHOOLS 

BY  HENRY  R.  LINVILLE,  DE  WITT  CLINTON  HIGH  SCHOOL,  NEW  YORK 

CITY 

Not  an  uncommon  criticism  on  the  results  of  school  as  well  as 
college  teaching  of  biology  is  that  our  much  vaunted  scientific 
method  does  not  show  any  appreciable  effect  on  the  minds  of  those 
who  devote  themselves  to  biology  for  even  a  considerable  length 
of  time.  I  have  heard  it  maintained  by  skeptics  that,  for  example, 
botany  and  logic  have  nothing  to  do  with  one  another,  so  obvious 
is  it  to  them  that  a  man  may  be  a  good  botanist  and  not  a  logician. 
It  would  seem  that  a  botanist  or  a  zoologist  might  carry  through 
even  a  work  of  investigation  arriving  at  apparently  sound  con- 
clusions, retaining  thereafter  scarcely  a  trace  of  the  impress 
which  the  employment  of  the  logical  method  of  thinking  should  have 
left  upon  his  mentality. 

Another  important  criticism  on  the  results  of  our  teaching  fre- 
quently made  by  those  who  are  not  biologists  at  all,  is  that  the  ap- 
parent subject-matter  of  an  ordinary  course  in  botany  or  zoology 
consists  of  a  congeries  of  facts  more  or  less  closely  related  among 
themselves,  but  having  no  evident  connection  with  the  life  of  man. 
To  these  critics  it  seems  that  biologists  as  a  class  contribute  little 
or  nothing  out  of  their  store  of  knowledge  to  the  solution  of  the 
manifold  problems  of  human  life.  Do  scientific  biologists  contribute 
no  more  to  the  progress  of  human  society  than,  for  example,  the 
scientific  philologists? 

Before  considering  these  two  criticisms,  it  seems  to  me  sound 
that  ultimately  no  branch  of  science  or  learning  of  any  kind  can 
stand  in  our  educational  programs,  unless  it  is  able  to  meet  philo- 
sophical criticism  from  ever\-  source.  The  more  we  biologists  stand 
together  establishing  a  little  realm  of  thinking,  or  lack  of  it,  to  our- 
selves, the  greater  will  be  the  fall  when  it  comes.  When  in  these 
days  of  highly  trained  professional  biologists,  many  of  us  sneer  at 
the  essays  of  sociologists  in  our  field,  we  forget  that  many  men  who 
were  not  biologists  primarily,  from  Aristotle  to  Spencer,  have  made 
substantial  contributions  to  our  store  of  knowledcfe  and  to  our 
philosophy.  And  so,  when  thinkers  along  general  lines  say  that 
biology  as  it  is  taught  does  not  train  to  thinking,  it  may  pay  us 
to  halt  and  consider  the  matter. 
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There  is  a  large*  class  of  biologists  that  the  question  in  its  large 
relations  does  not  touch  at  all.  Most  of  the  colleges  support  biolo- 
gists who  have  no  particular  interest  in  the  relation  of  biology  to 
any  other  matter.  Those  of  us  who  are  on  the  inside  know  that 
a  high  percentage  of  the  work  published  as  researches  is  done  by 
men  whose  chief  ability  lies  in  the  direction  of  discovering  facts 
that  others  have  been  too  busy  to  look  after  themselves.  The  most 
ordinary  power  will  enable  them  to  tack  these  facts  on  to  theories 
already  formulated,  and  fairly  established.  As  to  thinking  beyond 
the  reaches  of  what  is  called  *'  common  sense,"  there  may  have  been 
none.  Another  group  of  biologists  content  with  their  ability  to 
break  out  new  lines  of  scientific  endeavor,  have  scant  sympathy  with 
movements  which  have  for  their  purpose  the  use  of  the  su])ject-mat- 
ter  of  biology  for  general  educational  purposes.  But  whether  he 
will  or  no,  the  days  of  the  pure  scientist  are  drawing  to  a  close. 
The  leader  in  pure  science  can  not  be  a  leader  of  the  people,  unless 
he  does  something  to  relate  his  work  to  human  progress. 

If  we  concede  that  human  progress  in  all  its  phases  is  the  most 
important  thing  that  can  take  place  on  earth,  then  it  becomes  appro- 
priate to  ask  if  any  tangible  force  can  be  named  which  has  been 
instrumental  in  attaining  the  end  toward  which  we  are  moving.  It 
is  just  as  obvious  that  the  ideas  of  men  have  given  the  impetus  for 
all  advances  in  civilization,  as  it  is  that  the  thinking  power  of  the 
brain  has  produced  those  ideas.  In  the  conflict  of  ideas  worked  out 
by  the  brains  of  all  the  races,  those  ideas  which  by  reason  of  the 
appeal  they  have  made  to  the  developing  conscience  of  mankind, 
have  gained  the  ascendency.  The  strongest  ideas  as  held  by  the  sev- 
eral contemporaneous  and  successive  civilizations  have  existed  as 
the  result  of  the  collective  thinking  of  all  the  brains,  although  the 
expression  of- the  ideas  we  may  rightly  credit  to  those  leaders  of 
thought  who  were  able  to  formulate  them.  Now,  we  are  accus- 
tomed to  measure  the  civilization  of  the  various  nations  by  several 
criteria,  such  as  intellectual,  esthetic,  moral,  social  and  industrial 
development.  The  respect  with  which  man  regards  development  in 
any  of  these  lines  depends  in  a  certain  measure  on  his  owm  mental 
environment  but  even  in  our  own  country  whose  industrial  devel- 
opment leads  all  others  the  elemental  necessity  of  the  ability  to 
think  must  appeal  to  every  one. 

I  believe  no  teacher  would  question  the  statement  that  much,  if 
not  most,  of  our  teaching  in  the  schools  consists  in  disseminating 
information.     Superintendents  of  instruction  as  a  class  fight  against 
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the  introduction  of  any  element,  called  scientific,  that  is  supposed 
to  render  difficult  the  getting  of  information  by  the  children.  It  is 
true  that  some  subjects  are  supposed  to  provide  mental  drill,  but 
what  kind  of  mental  drill  do  we  mean?  Most  apparently  the  ability 
to  remember.  The  proof  of  it  is  to  be  observed  in  our  examination 
system,  which  for  the  most  part  is  a  test  of  the  memory,  and  seldom 
of  the  ability  to  think.  So  insistent  are  the  controlling  boards  be- 
coming, that  a  reproduction  of  the  marvelous  memories  of  educated 
Chinese  would  seem  to  be  the  logical  outcome  of  western  educa- 
tion. If  this  is  to  be  the  result,  many  of  us  will  feel  in  entire  sym- 
pathy with  the  expression  of  Themistocles,  quoted  by  Matthew 
Arnold,  **  Teach  me  rather  to  forget ! "  As  Matthew  Arnold  con- 
tinues, **  The  sarcasm  well  criticizes  the  fatal  want  of  proportion 
between  what  we  put  into  our  minds  and  their  real  needs  and 
powers." 

For  some  years,  physiologists  have  been  trying  to  discover  what 
the  "  real  needs  and  powers  *'  of  man  are  in  regard  to  his  food. 
Without  doubt,  a  similar  desire  is  at  the  bottom  of  the  most  valu- 
able studies  of  our  educational  method.  It  seems  to  me  that  from 
the  point  of  view  of  tl>e  good  of  all  the  people,  the  most  basic  need 
is  the  development  of  an  organic  power  to  think.  I  believe  it  could 
be  demonstrated  to  those  who  have  the  power  to  think  abstractly, 
that  all  of  the  injustice  that  is  included  in  the  phrase  **  man's  inhu- 
manity to  man/'  could  be  stopped  if  the  people  could  be  stirred 
to  break  from  their  dependence  on  hidebound  tradition  and  author- 
ity. If  real  self-reliance  in  our  thinking  is  a  primal  need  and  of 
great  value ;  and  if  our  heritage  of  information  that  the  books  con- 
tain may  be  stored  in  imperishable  building?,  rather  than  in  perish- 
able brains,  then  the  sooner  we  enter  upon  a  new  era,  the  better. 

There  is  a  general  impression  among  teachers  that  children  ck) 
not  begin  to  reason  before  they  reach  the  high  school  age.  And  in 
the  high  school  we  hear  the  opinion  that  certain  subjects  should  Ix* 
taught  for  the  information  they  contain,  the  presumption  being 
that  no  thinking  —  only  remembering  —  will  be  required.  It  is  true 
that  those  children  who  enter  the  high  schools  tcxlay  are  not,  as  a 
rule,  able  to  think  abstractly.  It  is  also  true  that  those  ]\ircnts  and 
teachers  who  treat  the  minds  of  their  children  with  respect,  are  able 
to  see  intellectual  growth  through  the  habit  of  leading  them  to  un- 
derstand the  reason  of  things.  We  have  never  heard  of  any  scien- 
tific study  which  proves  that  children  develop  the  reasoning  faculty 
at  a  certain  period,  as  they  develop  permanent  teeth.     It  is  rather 
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more  likely  that  people  have  repressed  the  natural  reasdning  faculty 
in  children  by  requiring  them  to  believe  as  they  believed  —  because 
some  dominant  personality  said  so. 

Much  as  I  believe  in  biology  as  an  instrument  of  good  in  educat- 
ing the  people,  I  regard  the  dissemination  of  information  concerning 
plants  and  animals  as  the  least  important  of  its  uses;  but  for  the 
most  part,  that  is  all  we  do.  We  fill  up  with  all  the  pupils  can 
hold,  mostly  because  we  do  not  know  what  else  to  do.  We  try 
to  make  the  subject  interesting,  because  we  want  them  to  be  pleased 
with  it.  We  sometimes  avoid  the  hard  places  for  fear  the  interest 
will  lag.  We  pay  tribute  to  the  little  gods  and  goddesses  by  giving 
out  predigested  mental  food,  but  we  have  made  them  mental  dys- 
peptics.   They  are  not  that  way  naturally. 

If  we  as  teachers  were  not  carried  along  by  the  tremendous  im- 
petus which  the  present  system  of  education  has  gained,  much  as 
the  individual  pedestrian  in  Broadway  is  rushed  along  by  the 
crowd  behind  him,  more  of  us  would  have  time  to  at  least  stop 
and  think  whither  it  is  all  leading.  If  such  an  opportunity  were 
oflFered,  I  believe  we  might  agree  that  one  desirable  object  would  be 
that  we  sliould  have  such  a  handling  of  subject-matter  as  would  lead 
the  children  to  consider  the  facts  they  learn  in  relation  to  other 
congeries  of  facts;  in  other  words,  to  interpret  nature.  For  ex- 
ample, the  idea  of  a  tree  would  not  be  a  dozen  or  more  kinds  of 
trees,  and  nothing  more,  but  the  tree  as  an  organic  thing  would 
be  explained  or  interpreted  through  the  consideration  of  the  seed- 
hng,  the  soil  and  water,  and  the  air.  At  the  other  end  of  the  story 
the  meaning  of  the  tree  would  be  interpreted  in  terms  of  its  rela- 
tions to  other  plants  whose  existence  is  interfered  with  or  favored 
by  it ;  in  relation  to  animals  that  use  it  for  food  or  protection ;  in 
terms  of  the  water  supply  for  cities ;  and  in  terms  of  materials  for 
the  use  of  man.  This  is  not  a  new  idea.  We  all  know  how  i)oor 
an  imitation  of  a  scientist  is  the  ])ers(m  who  **  knows  all  the  plants," 
hut  I  doubt  if  we  keep  before  us  the  importance  of  the  thinking 
idea  as  training  in  metlffxl.  While  knowing  the  dozen  or  more 
species  of  trees  on  the  mountc-iin  may  be  but  a  feat  of  the  memory, 
the  knowledge  of  one  tree  or  plant  of  other  kind  as  an  organism 
must  come  through  the  serious  consideration  of  the  relation  of 
things.  This  process  requires  continual  thinking.  It  is  as  much  the 
logical  process  as  anything  can  be,  when  in  experimentation  to 
determine  the  relation  of  moisture,  heat,  air  and  light  to  germina- 
tion  and  growth,   the   pupil   is   encouraged   to  analyze,   eliminate. 
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control  factors,  and  to  reason  from  results.  The  method  of  learn- 
ing the  principles  of  biology  by  experimentation  is  the  scientific 
method.  Those  who  criticize  our  work  because  it  does  not  show 
in  its  followers  the  discriminating  habit  of  tlie  logical  mind  are 
in  effect  attacking  our  practice  of  verification.  I  have  had  the 
opportunity  lately  of  examining  the  laboratory  questions  used  in 
an  elementary  course  in  zoology  in  one  of  our  foremost  universities. 
The  questions  were  nothing  but  statements,  which  the  students  were 
asked  to  verify.  The  students  have  no  opportunity  to  discover  for 
themselves  the  facts  in  regard  to  the  form  and  activities  of  the 
Paramoeium,  through  the  exercise  of  their  powers  of  observation, 
mental  analysis,  elimination  and  judgment.  On  the  contrary,  they 
arc  being  robbed  of  a  splendid  opportunity  to  develop  those  powers, 
and  to  gain  through  their  exercise  intellectual  pleasure  of  high 
quality. 

I  maintain  that  the  consideration  of  the  logical  relations  of  the 
science  of  biology,  and  the  employment  of  the  logical  method  of 
thinking  in  full  or  abbreviated  form  in  learning  the  science,  are  of 
more  than  incidental  importance.  If  there  is  any  value  at  all  in 
education,  it  comes  through  the  additional  power  gained  to  the 
individual  and  to  society.  If  civilization  advances  through  the 
power  of  great  ideas  evolved  by  growing  society  and  formulated  by 
our  leaders,  then  whatever  help  the  education  of  the  schools  can 
lend  to  the  evolution  of  ideas,  society  will  be  by  that  much  the 
gainer.  The  greatest  use  that  I  could  wish  for  the  science  of 
biology  is  that  the  practice  of  its  method  should  promote  the  habit 
of  thinking  in  men,  and  be  of  indirect  use  in  suggesting,  receiving 
and  judging  ideas  of  all  sorts  developed  in  the  progress  of  the  race. 

There  is  a  distinction  to  be  made  between  the  method  of  a  science 
and  the  substance  of  the  science  in  relation  to  the  bearing  that  both 
have  on  education.  The  method  is  a  logical  system  which  may  be 
abstracted  from  all  relation  to  subject-matter,  and  serve  an  im- 
portant intellectual  end  in  developing  the  power  of  independent 
thinking.  The  science  of  biology  must  liave  educational  value 
beyond  its  value  as  method ;  otlierwisc,  it  would  be  difficult  to 
justify  its  inclusion  in  educational  programs. 

The  unified  body  of  knowledge  which  we  sometimes  designate 
by  the  term  "  the  science  of  living  things  "  comes  into  the  closest 
imaginable  relation  with  ourselves  as  men.  Some  one  has  borrowed 
frf)ni  biology  an  idea  and  applied  it  in  this  form:  Education  is 
adaptation  to  environment.     I  think  that  it  can  not  be  doubted  that 
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the  scientific  understanding  of  organic  environment,  by  its  compre- 
hensiveness, its  fulness  and  its  characteristic  of  exhibiting  things  in 
their  natural  interrelation  tends  to  give  the  student  the  knowledge 
whereby  he  can  see  himself  in  a  setting,  so  to  speak.  Instead  of 
thinking  of  himself  as  an  isolated  creature,  or  at  most,  his  race  as 
an  isolated  race,  he  is  educated  to  think  of  his  race  in  relation  to  all 
organic  factors  that  affect  the  race.  Whether  the  student  formu- 
lates his  feeling  or  not,  his  intellectual  life  has  the  added  balance 
and  sureness  which  is  evident  in  the  thing  we  call  power. 

It  is  true  that  the  young  student  of  biology  as  he  has  been  trained 
in  the  past  could  not  attain  to  the  largeness  of  view  at  which  I  have 
hinted,  in  the  course  of  a  few  brief  weeks,  for  the  reason  that  the 
teaching  of  the  science  is  yet  in  the  experimental  stage.  Undoubt- 
edly, we  waste  a  great  deal  of  time  in  busying  ourselves  and  our 
students  with  looking  at  things  without  thinking  much  about  them ; 
and  as  the  volume  of  known  facts  increases,  the  impossibility  of  pass- 
ing them  all  in  review  becomes  more  and  more  apparent.  We  shall 
be  driven  to  the  necessity  of  concentrating  our  pedagogical  energy, 
first  on  devising  a  scheme  by  which  the  method  of  biology  shall  be 
more  immediately  effective,  and  then  to  the  task  of  so  organizing 
the  typical  facts  that  the  principles  of  the  science  may  be  got  hold 
of  in  much  less  time  than  is  now  taken  by  the  special  student  of 
biology. 

It  is  apparent  that  before  the  knowledge  of  biology  as  a  science 
c^n  become  general,  we  must  save  in  time  and  we  must  also  have 
more  time.  The  need  of  this  knowledge  has  never  seemed  so  im- 
perative as  now.  The  imminent  social  revolution  in  the  civilized 
world  is  being  hastened  by  the  ideas  of  the  new  science  of  sociology. 
Practically  none  of  the  j)rofessional  sociologists  have  a  working 
knowledge  of  biology,  yet  they  are  constantly  basing  their  theories 
on  biological  phenomena  which  they  know  little  alx)ut.  Granting 
that  the  object  of  the  sociologists  is  the  betterment  of  the  human 
race,  their  lack  of  ideal  power  through  ignorance  of  the  application 
of  biological  theories,  is  all  the  more  unfortunate.  The  sociologists 
realize  their  lack  of  efficiency ;  but  they  can  not  get  much  work  done 
as  sociologists,  if  they  are  ol)Iigcd  to  spend  years  as  students  of 
biology.  I  think  the  only  way  to  help  them  and  the  people  gener- 
ally is  by  the  system  of  teaching  tliat  I  have  suggested,  and  by 
closer  knit  and  more  effective  organization  of  the  subject-matter 
for  presentation. 

When  the  bearing  of  evolution,  the  most  im])ortant  principle  of 
biology,  on  human  affairs  is  fully  comprehended  by  educated  men, 
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and  the  influence  of  the  selective  factor  in  hastening  the  process  of 
evokition  is  realized,  we  may  hope  to  see  curricula  contain  a  max- 
imum of  subjects  that  relate  to  human  progress  and  a  minimum  of 
those  that  stand  in  the  relation  of  organs  that  mark  the  progress  of 
evolution,  but  hold  slight  promise  of  usefulness  for  the  future.  The 
process  of  natural  selection,  and  even  of  intelligent  selection,  in- 
volves the  retention  of  undesired  characters.  This  fact  helps  us  to 
understand  how  it  is  that  certain  unused  languages  are  still  retained 
in  our  courses  of  study,  but  it  o'ffers  no  excuse  for  giving  more 
time  to  one  of  those  languages  than  we  do  to  any  other  subject. 

Very  great  stress  continues  to  be  laid  on  the  importance  of  Latin 
and  other  "  humanities ''  for  their  mental  discipline  and  culture 
value.  The  implication  has  been  that  science  does  not  hold  as 
much  mental  discipline,  and  of  course  does  not  tend  to  culture,  being 
materialistic  and  not  idealistic.  It  is  not  apparent,  however,  that 
the  study  of  Latin  yields  training  much  above  that  which  a  student 
would  gain  from  the  performance  of  any  series  of  well  ordered  tasks. 
He  is  taught  to  remember,  and  he  is  taught  to  be  careful,  but  I  can 
not  recall  any  bit  of  thinking  in  the  study  of  Latin  which  I  did 
that  has  been  of  service  to  me  in  any  other  relation  of  life.  It  is 
tnie  there  is  said  to  be  a  logic  of  grammar,  but  is  the  logic  of  Latin 
grammar  essentially  different  from  the  logic  of  English  grammar, 
and  is  that  what  the  defenders  of  Latin  spend  four  years  in  teaching 
in  secondary  schools? 

The  further  claim  of  culture  value  in  Latin  and  the  **  humanities  " 
has  lost  much  of  its  force  since  some  of  those  who  believe  in  it  have 
begun  to  include  the  sciences  in  the  humanities.  But  there  is  hardly 
any  question  that  most  of  those  teachers  would  claim  greater  cul- 
tural value  for  the  ancient  languages,  as  against  the  mcxiem 
sciences.  The  term  culture  as  at  present  employed  is  so  inexact  a 
symbol  that  it  is  impossible  to  measure  values  with  reference  to  it. 
If  culture  means  the  education  the  scholars  gc^t  when  little  but 
Latin  was  taught,  then  1  think  we  have  done  with  it.  If  it  means 
the  state  of  enlightenment  which  some  regard  as  ideal  for  civilized 
men,  enlightenment  with  reference  to  what  the  world  is,  and  to  man 
in  his  nmltifarions  relations,  then  not  only  is  knowledge  of  the 
sciences  necessary,  hut  knowledge  of  history,  Htcrature  and  art  also. 
It  is  evident  that  only  through  such  enlightenment  are  men  put  in 
tfHich  with  their  environment.  When  they  are  in  touch  with  their 
environment,  they  have  the  feeling  of  acr|uaintancc  and  power 
which  enables  them  to  be  factors  in  the  further  extension  of  human 
progress. 
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It  is  probable  that  to  some  people  culture  means  a  sort  of  delicate 
refinement  of  knowledge  in  the  line  of  classical  literature  and  art, 
extending  in  some  cases  to  modern  literature  and  art.  Of  course  we 
understand  that  the  professional  ancestors  of  these  scholars  were  the 
first  to  own  the  word,  and  for  a  long  time  they  could  make  it  mean 
what  they  pleased.  Every  school  and  college  holds  some  of  this  kin:l 
of  citizen  resenting  bitterly  the  gradual  withdrawal  about  them  of 
allegiance  to  the  past.  Many  of  them  see  only  gross  commercialism 
in  the  sciences,  and  the  loss  of  idealism.  But  while  they  are  spend- 
ing their  breath,  the  evidence  of  man's  relation  to  the  organic  and 
the  inorganic  world  is  becoming  overwhelming.  The  grander  ideal- 
ism portrayed  in  the  effort  to  come  into  exact  relation  with  the 
world  and  its  work  through  knowledge,  makes  the  ideal  of  the 
classicist  seem  paltry  in  the  extreme. 

I  have  discussed  the  method  of  biology,  secondly  the  bearing  of 
the  science  on  the  individual  in  his  relation  to  society,  and  third, 
the  bearing  of  science  in  general  en  culture.  1  shall  now  say  what 
I  can  on  the  esthetic  value  of  biology. 

It  has  not  been  many  years  since  the  artists  generally  would  say 
that  it  was  impossible  to  formulate  the  rcasors  for  considering  one 
picture  better  than  another.  The  conviction  regarding  superiority 
seemed  to  rest  in  the  emotions,  or  possibly  in  the  artistic  judgment, 
which  appeared  to  be  a  different  thing  from  scientific  judgment. 
Now  however,  we  find  many  teachers  of  art  who  believe  that  the 
formulation  of  principles  can  extend  much  further  than  drawing, 
and  that  the  principles  of  composition  and  color  relation  can  be  so 
refined  and  scientific  as  to  get  a  tangible  basis  for  a  given  esthetic 
feeling.  In  biology,  within  the  i)ast  lo  years  much  has  been  written 
to  the  effect  that  in  teaching  nature  study  our  object  should  be  to 
stimulate  the  love  of  nature,  and  to  help  to  the  appreciation  of  its 
beauty.  I  think  that  in  proportion  as  we  can  do  this,  we  shall  be 
accomplishing  a  splendid  w^ork,  but  the  end  must  not  be  considered 
as  an  end  possible  immediately,  for  just  as  the  artist  must  study 
anatomy  and  the  princij)les  of  composition,  so  the  student  of  biology 
must  have  a  good  store  of  facts  and  meanings.  Moreover,  in  our 
present  state  of  j)rogrcss  our  talk  about  **  the  love  of  the  beautiful 
in  nature "  is  composed  mostly  of  empty  sounds.  The  phrase 
"  going  back  to  nature  "  expresses  little  more  than  an  economic  and 
social  revolt  against  life  in  the  cities.  Children  who  are  taken  to 
the  country  every  summer  ar*  rot  necessarily  taught  the  beauty  of 
nature,  any  more  than  are  the  country  children  who  stay  there  all 
the  time.     And  city  and  country  cliildren  are  not  likely  to  agree  on 
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the  beauty  of  a  given  place  or  object,  unless  there  is  something  in 
the  education  of  both  that  leads  them  to  see  what  it  is  that  makes 
things  beautiful.  In  other  words,  we  must  get  at  the  principles  of 
beauty.  The  education  of  the  present  day  farmer  is  responsible 
for  an  expression  I  once  heard  when  a  splendid  pine  tree  was  rent 
by  lightning:  **  What  a  shame,  that  tree  was  worth  $5."  To  our 
botanist  thfe  tree  would  have  been  Pinus  strobus.  For  the 
artist  only  would  it  have  possessed  the  quality  of  beauty,  in  the 
sweep  of  its  long  dark  branches  against  the  sky. 

The  modern  artists  have'  borrowed  from  us  the  idea  of  basing 
their  art  on  scientific  principles,  and  thereby  they  are  able  to  teach 
those  who  are  not  artists  by  nature.  Through  the  influence  of  the 
Japanese,  they  are  also  making  more  and  more  use  of  animal  and 
plant  subjects  in  their  decorative  art.  Can  we  as  biologists  hope 
ever  to  teach  the  beautiful  unless  we  form  an  alliance  with  teachers 
of  art?  The  idea  that  zoology  is  associated  with  ugliness  is  not 
altogether  unfounded.  We  must  seek  to  portray  animals  and  plants 
in  their  beautiful  as  well  as  in  their  accurate  relations. 

In  the  relation  I  have  suggested  for  artists  and  biologists,  we  get 
a  glimpse  of  the  possible  benefit  of  cooperation  of  all  branches  of 
learning.  Doubtless  there  are  uses  for  all  the  subjects  now  taught 
in  the  schools.  If  they  are  to  be  made  effective,  they  must  be  taught 
in  cooperation  in  order  to  attain  an  end  higher  than  any  subject 
could  reach  unaided.  In  establishing  closer  relation  between  sub- 
jects, I  would  maintain  that  we  must  employ  some  criterion  for 
estimating  the  importance  of  the  various  lines  of  study,  and  that 
the  criterion  be  the  value  of  tlie  subject  for  contributing  to  human 
progress. 

The  criticisms  that  will  continue  to  be  made  against  biology  as  a 
factor  in  education  while  the  teaching  of  the  science  is  in  the  experi- 
mental stage,  should  stinuilate  us  to  search  for  the  reasons  for  our 
professional  existence.  The  philosophical  considerations  which 
have  to  do  with  biology  and  education  are  of  course  more  funda- 
mental than  the  expediencies  of  secondary  school  courses  of  study. 
Altliough  the  decisions  of  the  hour  may  seem  to  help  or  hinder  the 
establishment  of  biology  and  other  sciences  in  the  schools,  they 
should  have  but  slight  influence  ui)on  a  future  ideal  system  of  inter- 
related knowledge  for  the  education  of  the  people. 
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Section  C— EARTH  SCIENCE 

FIELD  WORK  IN  PHT8ICAL  OEOOKAFHY 
BY    JENNIE   T.    MARTIN,    CENTRAL    HIGH    SCHOOL,    BUFFALO 

There  is  no  need  here  to  consider  the  importance  of  field  work 
in  physical  geography,  as  its  value  is  recognized  by  every  one  who 
teaches  the  subject.  I  shall  try  instead  to  outline  for  discussion  by 
the  section,  some  of  the  problems  connected  with  the  work  while 
presenting  plans  and  methods  carried  out  in  my  own  classes.  These 
plans  have  gradually  developed  during  a  series  of  years,  and  are 
still  changing  through  the  constant  effort  to  overcome  obstacles 
and  obtain  better  results. 

There  are  two  important  aims  to  keep  before  one  in  this  work, 
first  to  make  it  so  enjoyable  that  a  lifelong  impulse  toward  the  study 
of  nature  in  her  great  out  of  doors  laboratory  shall  be  gained,  and 
second  to  make  it  so  effective,  that  it  shall  minister  directly  in  the 
mental  development  of  the  pupil. 

There  are  many  difficulties  to  contend  with,  specially  in  city 
schools,  the  large  number  of  pupils  to  be  looked  after,  the  long 
distances  often  necessary  to  cover  in  order  to.  reach  i^oints  of  interest, 
the-expense  involved,  the  weather,  and  greatest  of  all  the  inability 
of  pupils  to  use  their  eyes  or  to  understand  the  meaning  of  what 
they  see.  One  of  the  greatest  benefits  coming  from  field  w^ork  I 
find  to  be  a  dawning  consciousness  on  the  part  of  the  pupil  that 
he  may  discover  facts  for  himself  and  that  facts  so  learned  are  as 
authoritative  as  those  he  finds  in  books.  It  is  very  difficult  at  first 
to  get  pupils  to  rely  on  themselves  and  to  depend  on  their  own  con- 
clusions. They  try  hard  to  get  me  to  answer  their  questions  for 
them.  With  their  directions  in  hand  as  we  pass  from  ix)int  to  point 
they  repeatedly  ask  **  What  are  wc  to  see  here  ?  "  Finally  however 
the  reiterated  hint  to  "  Look  at  your  notes  "  and  the  patient  use 
of  the  Socratic  method,  with  now  and  then  a  little  direct  help, 
makes  them  somewhat  self-reliant  and  a  great  victory  is  won. 

In  planning  excursions  T  have  worked  mainly  to  make  them 
effective  believing  that  this  in  itself  will  bring  pleasure. 

For  the  early  excursions,  detailed  directions  and  definite  ([uestions 
seem  necessary.  Rut  in  using  them  I  liave  found  on  the  part  of 
pupils  a  tendency  to  be  satisfied  when  they  have  made  the  required 
observations,  so  that  they  do  not  see  nuich  for  themselves.  I'or 
this  reason  I  usually  call  for  two  or  three  original  observations  and 
mark  the  pupil  if  these  arc  lacking.     Toward  the  end  of  the  year  I 
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give  the  pupils  more  freedom  and  find  that  better  results  are 
obtained  by  outlining  general  points  for  observation  and  report. 
Sketches  and  drawings  test  the  pupils'  knowledge  better  than  words 
and  should  be  called  for  constantly.     The  camera  is  also  a  great  aid. 

VV^here  the  Geological  Survey  topographic  maps  are  available 
they  should  be  in  the  hands  of  each  pupil,  and  routes  should  be 
traced  on  tliem  and  relief  features  identified.  It  is  no  small  gain 
for  pupils  to  learn  their  practical  value.  We  have  five  pocket  com- 
passes for  field  use  and  two  good  aneroids.  Pupils  need  pocket 
clinometers  which  can  be  made  by  fastening  a  small  plumb  line  to  a 
protractor.  It  is  good  training  for  them  to  be  required  to  be  as 
accurate  and  definite  as  possible  and  to  learn  the  use  of  field  instru- 
ments. In  the  coming  spring  I  expect  to  teach  pupils  the  use  of 
the  hand  level.  We  have  copper  plates  of  a  few  interesting  features 
seen  on  our  excursions  and  we  furnished  prints  to  our  pupils  for 
a  small  sum. 

The  preparation  for  an  excursion  takes  considerable  time  and  we 
plan  in  the  near  future  to  have  printed  directions  i>erhaps  in  the 
form  of  a  field  pad  or  notebook.  We  shall  thus  save  the  time  of 
dictating  directions  and  obtain  notes  in  better  form. 

To  properly  care  for  the  large  number  of.  pupils  who  go  on  our 
excursions  is  impossible  for  one  person,  and  for  several  years  1  have 
chosen  as  field  assistants  three  or  four  of  the  best  workers  in  pre- 
vious classes.  It  is  then  possible  to  form  groups  of  about  20  jnipils 
each  and  to  assign  an  assistant  to  each  group,  who  is  able  to  aid  the 
pupils  and  to  keep  them  at  their  work.  To  call  the  groups  together 
for  general  directions,  or  when  I  wish  to  explain  something  I  use 
an  umpire's  whistle.  To  render  it  easier  for  pupils  to  hear  explana- 
tions I  plan  to  have  a  small  megaphone. 

There  has  been  a  noticeable  gain  in  the  quality  of  work  done 
since  I  have  required  field  notes  to  be  submitted  to  me  or  to  the 
assistants  for  approval  in  the  field.  Careless  i)upils  have  thus  been 
prevented  from  making  the  excursion  a  mere  pleasure  trip  with  the 
chance  of  writing  an  acceptable  report  by  borrowing  tlic  notes  of 
sonic  faithful  pupil.  It  also  has  made  it  possible  for  those  who 
Inve  done  poor  work  to  do  it  over  before  leaving  the  place. 

(  )n  the  (lay  following  the  excursion  the  pupils  brinii^  their  notes 
to  the  laboratory  and  write  their  report  using  two  laboratory  ])eriods 
for  the  ])ur]X)se.  The  facts  are  then  fresh  in  mind  and  this  ])lan 
injures  in^'eyocndence,  and  enables  the  teacher  to  help  the  puy)il  who 
fails  to  understand  some  feature  of  the  field  work. 

The  order  in  which  excursions  are  taken  seems  to  be  important. 


1906]  SECTION    MEETINGS  —  SECTION  C  4I 

My  present  plan  is,  in  the  fall  to  have  facts  learned  at  first-hand  in 
the  field  and  to  follow  excursions  with  Ixjok  study  of  the  same 
features,  while  the  spring  trips  have  hcen  planned  especially  ^o  test 
and 'Strengthen  the  observing  powers  of  the  pupil  and  to  serve  as  a 
practical  review  of  facts  already  learned. 

For  the  first  excursion  we  visit  a  quarry.  This  gives  us  a  very 
limited  area  with  few  and  simple  j)roblems.  The  pupils  study  and 
describe  the  rock  structure,  stratification,  joints,  synchnes,  anti- 
clines, and  weathering  and  bring  back  for  lalx)ratory  study  speci- 
mens of  limestone,  hornstone,  shale  and  residual  soil. 

The  same  features  are  studied  in  other  places  in  the  next  two 
excursions.  This  gives  an  opportunity  for  comparison  and  it  also 
*helps  to  correct  false  impressions  gained  on  the  first  excursion. 
For  example,  I  find  a  tendency  for  pupils  to  think  that  a  joint  is  a 
peculiar  phenomenon  found  in  one  j)art  of  one  quarry,  and  the  idea 
of  a  system  of  .joints  is  not  easy  for  them  to  grasp.  Again  this  plan 
enables  them  to  realize  the  fact  that  the  soil  is  everywhere  under- 
lain by  rock,  an  entirely  new  idea  to  most  of  them.  In  these  excur- 
sions in  addition  to  the  comj)arative  study  of  the  rock  structure  one 
or  two  new  features  are  added  each  time. 

The  most  comprehensive  excursion  is  saved  for  the  last,  in  order 
that  the  pupils  may  get  the  most  jx)ssible  from  it  and  that  there 
shall  be  no  anticlimax. 

To  the  teacher  who  has  not  yet  planned  a  set  of  field  excursions 
some  hints  .as  to  how  to  set  about  it  may  be  of  interest.  Use  all 
available  helps  in  getting  accpiainted  with  your  region,  the  United 
States  Geological  Survey  maps,  State  geological  reports,  and  bul- 
letins. Talk  with  those  who  know  the  region  if  you  can  find  such 
persons.  Outline  the  features  that  are  probably  found  in  the 
region,  \isit  j)romising  places  that  are  not  too  difficult  of  access 
by  students.  Take  notes  on  what  you  find  and  where,  and  make 
these  notes  the  basis  of  directions  to  students. 

Most  regions  in  New  York  State  furnish  illustration  of  all  the 
causes  and  results  of  weathering  and  erosion,  of  the  various  phen- 
omena connected  with  young  and  mature  drainage,  of  shore  features 
as  exhibited  in  lakes  or  ponds,  and  of  glaciation.  I  find  it  possible 
to  have  my  pupils  study  in  the  field  every  toi)ic  under  the  land  and 
land  waters  except  mountains  and  volcanic  action.  The  places 
most  worthy  of  examination  and  giving  the  richest  results  will 
probably  be  stream  valleys,  quarries  and  other  ])laces  where  the 
rock  is  exj)osed,  roadsides  and  excavations  of  earth,  and  the  shores 
of  ponds  or  lakes. 
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Summary 

The  chief  aims  of  field  work  are,  (a)  to  develop  a  love  for 
nature  study  and  {b)  to  train  and  inform  the  student. 

The  difficulties  to  contend  with  are  number  of  pupils,  distances 
often  necessary  to  reach  interesting  regions,  expense,  weather  and 
the  immaturity  of  the  child. 

The  plans  suggested  are : 

1  For  early  excursions,  detailed  directions  and  definite  questions 
requiring  one  or  two  original  observations  are  furnished  pupils. 

2  For  late  excursions,  general  directions  are  given. 

3  The  use  of  topographic  maps  and  the  making  of  drawings 
and  sketches  in  the  field  are  suggested. 

4  To  secure  accuracy,  pocket  compasses,  aneroid  barometers, 
clinometers  and  levels  should  be  taken  into  the  field. 

5  If  the  number  of  pupils  is  large,  student  assistants  who  lead 
groups  of  20,  make  the  work  more  eflfective. 

6  It  has  been  found  advantageous  to  approve  pupil's  notes  on 
the  field. 

7  The  report  is  written  in  the  laboratory  the  following  day. 
The  following  suggestions  are  made  as  to  the  order  of  excursions : 

1  The  first  excursion  to  precede  tlie  study  of  the  subject  in  books. 

2  The  last  excursions  to  illustrate  facts  already  learned. 

3  Early  trips  should  have  simple  problems  and  limited  area. 

4  Repetition  of  similar  features  with  some  new  problems  is 
useful  for  review  and  comparison. 

5  The  best  excursion  should  be  reserved  for  the  last. 

Ways  of  going  about  the  planning  of  field  excursions  are 
suggested. 

THE  VALVE  OF  THE  INDUCTIVE  STTTDY  OF  RELIEF  FORMS  IN  FIELD  WORK 

AND  CONTOUR  MAPS 

HY   WILLIAM    II.    PLATZER,    rOUGIIKEEPSIE    HIGH    SCH(X)L 

.Suppose  we  limit  the  subject  to  the  inductive  study  of  relief  only. 
This  will  make  the  discussion  more  specific.  In  doin^  this  the 
thoughts  that  T  will  present  have  been  gathered  from  my  experience 
in  the  classroom  and  field,  as  I  claim  no  special  knowledge  of 
geology  or  pedagogy.  T  am  glad  l)r  Hopkins  asked  me  to  prepare 
this  [)aper  for  it  has  brought  clearly  before  my  mind  the  points  on 
which  1  need  to  ask  (jucstions  of  others.  I  hope  to  provoke  such  a 
com])rchensive  discussion  that  it  will  help  me  in  the  solution  of  some 
^f  my  problems. 


1906]  SECTION   MEETINGS  —  SECTION   C  43 

To  one  who  has  followed  the  syllabus  of  1900  with  a  class  it  is 
evident  that  there  were  a  great  many  facts  to  be  taught  that 
could  never  be  more  than  mei;e  facts  to  the  student  because  of 
the  limited  time  given  to  the  course  and  the  purely  textbook 
method  of  procedure.  All  the  matter  presented  may  have  had  a 
definite  enough  place  in  our  own  minds,  but  if  we  were  to  stop  to 
consider  just  how  that  knowledge  came  to  be  systematized  most  of 
us  would  find  that  it  was  not  gained  in  the  five  months'  study  of 
this  subject  in  a  high  school.  I  fear  that  some  of  my  reviews  at 
the  end  of  the  term  were  mere  catechisms.  A  science  teacher  in 
one  of  the  New  Jersey  high  schools  who  had  been  placed  on  a  com- 
mittee to  draft  a  syllabus  of  physical  geography  told  me  that  he 
'  believed  he  would  recommend  that  the  subject  be  dropped  from  the 
high  school  course.  He  only  thought  of  the  subject  as  we  taught 
it  according  to  the  old  syllabus  as  a  mere  collection  of  facts  about 
the  earth  and  the  physical  sciences.  The  great  trouble  is  that  as 
students  and  teachers  we  failed  to  see  in  the  brief  glimpses  of 
physics,  chemistry  and  biology,  a  gradual  development  of  our  earth 
or  if  we  saw  it  we  had  failed  to  find  the  means  of  unfolding  that 
idea  to  others. 

The  average  student  who  comes  to  us  from  the  well  taught 
graded  school  has  such  a  conception  of  the  relief  forms  of  the  earth 
that  there  is  no  necessity  for  us  to  attempt  any  inductive  w'ork  in 
the  study  of  the  form  itself.  'J'he  pupil,  however,  has  still  to  learn 
the  processes  by  which  such  forms  were  attained.  If  the  true 
scientific  spirit  is  to  be  carried  into  our  work  in  physical  geography 
this  should  be  done  by  the  inductive  method. 

Here  is  our  opportunity  to  make  the  best  use  of  field  work  and 
contour  maps.  I  i)refer  to  have  the  first  laboratory  exercise  in  tlie 
field  and  do  not  think  of  using  a  contour  map  until  considerable 
field  work  has  !>een  done,  nor  do  I  use  a  map  where  the  material  for 
the  lesson  can  be  obtained  from  the  field. 

Although  it  may  seem  more  logical  to  take  up  the  work  on  the 
atmosi)here  first,  we  have  found  it  at  Poughkeepsie  a  matter  of 
convenience  to  begin  with  the  land.  This  is  because  of  the  fine 
opportunity  that  we  have  to  study  the  cycle  of  erosion  there.  We 
give  most  of  the  time  allowed  for  field  work  to  this  feature  and  find 
tliat  the  observations  on  the  atmosphere  can  best  be  made  in  the 
latter  part  of  the  school  year. 

Allow  me  to  use  as  an,  illustration  the  way  wc  have  studied  the 
development  of  Hood  plains.  A  meadow  just  cast  of  the  city  fur- 
nished our  material.     The   value   of  the   field    for  this  purpose   is 
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increased  by  the  fact  that  a  small  stream  meanders  through  it.  The 
class  each  time  went  to  the  field  provided  with  small  notebooks  and 
a  sheet  of  questions  designed  as  a  guide  in  the  work.  One  of  the 
first  things  that  they  were  asked  to  do  w-as  to  discover  the  origin  of 
the  material  of  which  the  plain  is  composed.  They  never  found 
trouble  in  solving  the  problem  after  they  had  compared  the  soil  with 
the  material  found  in  the  various  cur\'es  and  other  protected  places 
along  the  stream  course.  There  was  always  some  boy  in  the  class 
who  had  seen  the  meadow  flooded  in  the  springtime  and  who  could 
locate  some  of  tlie  material  left  at  that  time. 

In  like  manner  by  asking  the  pupils  to  determine  what  seemed  to 
be  the  highest  and  driest  part  of  the  plain  it  was  not  difficult  to  bring 
out  the  idea  of  the  development  of  the  natural  dikes.  I  found  that 
to  do  this  it  was  necessary  to  lead-  them  through  a  series  of  reason- 
ing on  the  variation  of  the  transporting  power  of  water.  It  also 
became  evident  that  one  could  not  rely  altogether  on  a  prearranged 
direction  sheet  for  this  purpose.  It  was  easier  for  me  to  explain 
the  transporting  power  of  water  in  the  field  than  in  the  classroom. 

The  presence  of  curved  marshes  in  the  meadow  furnished  the 
material  for  the  study  of  oxbow  lakes  and  their  disappearance.  Such 
other  features  as  could  be  used  were  studied  and  the  students  were 
left  to  work  out  for  themselves  what  would  be  the  effect  of  the 
continual  shifting  of  the  meandering  stream.  This  was  followed 
by  the  textbook  study  of  the  valley  of  the  Mississippi  and  the 
detailed  study  of  the  Donaldsonville  topographic  sheet. 

The  value  of  this  plan  of  procedure  over  the  purely  textbook 
method  was  tested  last  fall  in  our  work.  On  a  written  lesson  which 
included  many  features  of  old  stream  courses  the  class  was  asked  to 
explain  the  j)rocess  of  the  formation  of  alluvial  fans.  This  was  one 
feature  which  we  did  not  happen  to  find  in  the  field  and  nearly  the 
whole  class  failed  on  that  question  while  all  answered  correctly  the 
questions  covering  the  work  studied  in  the  field. 

In  discussing  diastrophism  wc  have  to  content  ourselves  at  Pough- 
kecpsic  by  studying  the  folded  strata  exposed  by  the  railroad  cuts. 
When  the  idea  of  the  original  position  of  stratified  rock  has  been 
i\xv(\  it  seems  possible  for  the  student  to  get  some  idea  of  the 
changes  which  have  resulted  in  the  present  positions.  I  have  how- 
ever fonnd  this  the  most  difTicult  part  of  the  field  work. 

In  working  ont  the  idea  of  the  life  history  of  mountains  T  have 
\n:i(h-  use  of  the  HariK-r's  I-'crry  and  Natural  P.ridge  to])ogrn])hic 
sheets.      It  is  certainly  necessary  to  s])end  some  time  in  prei)aring 
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a  class  for  this  kind  of  work.  My  class  began  by  building  profiles 
of  an  imaginary  island  and  then  a  contour  map  of  the  island  and 
locating  a  stream  course  on  the  island.  They  then  constructed  pro- 
files of  the  natural  dikes  on  the  Donaldsonville  sheet.  I  have  found 
that  with  this  amount  of  preparation  the  average  student  could 
begin  to  interpret  contour  maps  as  to  elevations  and  depressions. 
In  studying  maps  of  mountainous  sections  I  have  the  student  give 
as  much  as  he  can  of  the  origin  of  the  ridges  and  depressions  and 
always  his  conception  of  the  appearance  of  the  country  in  a  previous 
stage  of  erosion.  The  section  is  also  considered  in  its  relation  to 
man. 

After  the  ability  to  use  the  contour  map  has  been  acquired  1  be- 
lieve that  the  mere  mechanical  work  with  the  map  should  cease.  I 
have  never  required  more  than  one  profile  map  of  a  student  and 
this  for  two  reasons.  First,  this  phase  of  the  work  soon  develops 
into  mere  busy  work.  Second,  unless  the  time  is  largely  spent  on 
work  which  calls  for  some  amount  of  thought  the  main  object  of 
the  laboratory  work  is  lost. 

My  experience  has  demonstrated  that  the  laboratory  sections 
should  be  small  and  that  all  should  be  at  work  on  the  same  map 
at  the  same  time.  By  all  working  on  a  map  of  the  same  section 
all  the  members  may  get  the  benefit  of  the  questions  asked  by  both 
students  and  teacher.  Of  course  cases  do  arise  where  students  will 
depend  too  much  upon  other  members,  and  one  might  wish  that 
adjacent  students  were  not  at  work  upon  the  same  maps. 

The  directions  given  to  the  student  for  the  study  of  the  map 
should  not  be  much  more  than  outlines  and  the  teacher  must  be 
ready  to  lead  discussions  and  ask  questions  as  the  work  advances. 
As  a  result  of  a  discussion  started  one  day  in  our  class  one  of  the 
girls  had  the  old  and  well  fixed  idea  that  a  volcano  is  a  burning 
mountain,  rooted  out  of  her  head  by  settling  the  fact  that  Mount 
Shasta  was  a  volcano  long  before  that  part  of  the  cone  which  rises 
above  8000  feet  of  elevation  was  formed. 

Our  work  on  contour  maps  included  the  study  of  coastal  plains, 
lake  plains,  flood  plains  of  rivers,  plateaus  and  mountains.  In 
nearly  all  cases  maps. have  been  selected  so  as  to  show  the  effects 
of  erosion  on  these  features. 

I  can  not  see  why  classes  that  can  visit  coastal  plains  or  a  seashore 
can  not  work  out  inductively  the  formation  of  that  class  of  plains 
and  then  by  the  aid  of  proper  contour  maps  be  led  on  to  the  de- 
velopment of  the  plateau.     The  combination  of  the  field  work  at 
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hand  with  the  pTo\y^v\y  selected  contour  maps  will  make  possible  the 
inductive  study  of  the  life  history  of  even  our  everlasting  hills. 

W'c  have  arranged  our  laboratory  work  to  alternate  wiui  the  class 
work  whenever  it  is  needed  for  inductive  study.  Of  course  some- 
times this  is  not  more  than  a  demonstration.  It  is  harder  to  ar- 
range the  field  work  so  as  to  introduce  topics  with  their  related  field 
work  for  the  weather  and  other  school  plans  have  to  l^e  considered. 

I  Ijelieve  too  much  eflfort  can  not  be  made  to  keep  the  work  of 
the  field  and  lalK)ratory  from  Ijccoming  mere  mechanical  drill.  The 
less  diligent  students  are  apt  to  be  satisfied  with  answers  to  questions 
of  detail.  J^or  that  reason  the  directions  given  the  student  should 
be  as  far  as  possible  questions  involving  some  amount  of  reasoning 
and  not  calling  for  direct  answers. 

A  labciratory  course  in  physical  geography  is  a  new  de])arture  in 
(Utr  educational  system  and  it  certainly  deserves  a  distinct  place. 
1  tried  to  ititroduce  a  laboratory  course  in  physical  geography  in  the 
sdinol  where  1  was  teaching  two  years  before  the  present  syllabus 
was  written  and  succeeded  in  getting  jKrmission  of  the  superin- 
tendent to  have  field  work  and  map  building.  I  Ixilieve  even  that 
concession  was  more  than  could  have  been  obtained  under  a  su{)erin- 
tt-ndent  less  interested  in  scientific  work.  A  new  course  may  be 
expected  to  have  its  imperfections  and  we  have  no  doubt  much  to 
Knrti  a^  lo  just  what  to  give  and  how  to  present  it.  It  does  seem 
to  me  that  some  of  the  experiments  suggested  in  the  present  syllabus 
are  beyond  the  second  year  student.  In  fact  I  am  sure  that  no  one 
nf  Mur  second  year  students  could  grasp  all  of  them.  Is  it  not  true 
\\v\\  the  Department's  directions  for  the  study  of  contour  maps  are 
\\\  many  cases  too  long  for  the  time  wx*  have  to  give  to  them? 

I  believe  that  the  introduction  of  lalx>ratory  work  in  physical 
^tngraphy  is  a  step  in  the  right  direction  by  means  of  which  we 
me  gi>ing  some  time  to  give  the  student  a  splendid  opportunity  to 
ilrvelop  scientific  habits  of  thought.  V*\  the  inductive  study  of  the 
phenomena  which  he  constantly  sees,  valuable  information  will  Ix* 
given.  lie  will  go  into  the  physical  sciences  better  ])repare(l  for 
scientific  work  and  he  will  obtain  a  glimpse  of  the  possibilities  of 
matter  and  energy  which  he  could  not  otherwise  ac(|uire  outside  of 
the  C(:)llege. 
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Section  D  — MATHEMATICS 

THE  IfLACE  OF  THE  THEOBY   OF   TBAMSF0RMATI0N8  IN  OEOMETERY 

BY   A.    S.    GALE,    UNIVERSITY    OF    ROCHESTER 

During  the  last  century  the  domain  of  geometry  has  grown  to 
tremendous  proportions  and  yet  the  theory  of  transfomiations  per- 
meates the  whole  domain.  We  may  use  it  whether  we  employ  the 
synthetic  method  of  the  Greeks  or  the  analytic  method  of  Descartes ; 
whether  we  study  algebraic  geometry,  in  which-  we  consider  the 
properties  of  a  figure  as  a  whole,  or  diflPerential  geometry,  which 
deals  with  tfie  properties  of  a  figure  in  the  vicinity  of  a  particular 
point.  An  exhaustive  treatment  of  the  place  of  the  theory  of 
transformations  in  geometry  would  therefore  entail  not  only  a 
development  of  the  principal  properties  of  various  transformations, 
but  also  the  consideration  of  a  large  j)art  of  geometry  as  a  whole. 
And  yet  two  salient  points  may  be  brought  out  by  simple  considera- 
tions. "The  object  of  the  paper  is  to  illustrate  how  the  properties 
of  a  single  transformation  enable  us  to  derive  new  theorems  with 
great  ease,  and  to  show  how  certain  systems  of  transformations 
form  the  basis  for  a  comprehensive  classification,  of  the  theorems 
of  the  vast  subject  of  geometry.  In  particular,  we  shall  see  what 
part  is  played  by  the  elementary  geometry'  in  which  we  are  so  vitally 
interested.  In  this,  perhaps,  lies  the  real  justification  for  laying  such 
considerations  before  this  body.  In  passing,  it  may  be  remarked 
that  certain  elementary  portions  of  the  theory  of  transformations 
may  be  included  in  secondar>'  instruction  at  some  future  day.^ 

With  sufficient  accuracy  for  our  purix)ses,  we  may  define  a 
transformation  as  an  operation  which  rei)Iaces,  according  to  some 
definite  law,  a  given  configuration  by  a  second  configuration. 
Simple  examples  are  a  displacement,  which  replaces  a  given  figure 
by  one  equal  to  it,  and  transformations  of  symmetry  and  similitude 
by  which  a  given  figure  is  replaced  by  one  symmetrical  or  similar 


^  Synthetic  treatments  of  Euclidean  transformations  and  inversi«is 
have  already  appeared  in  the  very  excellent  Geometries  Elementaires  by 
Hadamard  [Paris,  ed.  2,  1906]  and  Niewenglowski  et  Gerard  [Paris.  1898]. 
An  analytic  treatment  of  these  transformations,  together  with  polar 
reciprocation,  may  be  found  in  Smith  and  Gale's  Elements  of  Analytic 
Geometry  [Boston,  1905I. 
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f.,  if  lh»iop  Uttiuformations  are  known  as  Euclidean  transfor- 
fMiflt^t!^  |ifj|  rtmi*  \\\vy  are  implied  in  the  classic  Elements  of  Euclid. 

.>„  (ni'fiMh*n  \%  tt  transformation  which  replaces  any  point  P  by  a 
j,,,lt»|  /''  burli  that 

♦   f'  lii:a  (HI  (>/*,  where  O  is  a  given  point  called  the  center  of 

lOr^lbiiill. 

^  i$l*'.()P  —  k,  where  ife  is  a  constant, 

if  I'  ilcbcrilies  a  given  figure,  P'  describes  a  second  figure  called 
liti:  iiivcrbt:  of  the  first.  Thus  the  inverse  of  a  straight  line  which 
|i4s»bcb  thnuigh  0  is  the  same  straight  line,  while  that  a  straight 
line  udt  pahsing  through  O  is  a  circle  which  passes  through  O.  The 
Uivcriie  ui  a  circle  passing  through  O  is  a  straight  line,  while  the 
mvxr&i:  i)f  a  circle  which  does  not  pass  through  O  is  a  second  circle. 

A  fundamental  property  of  inversion  is  that  the  angle  between 
two  curves  equals  the  angle  between  the  inverse  curves.  As  an 
application  of  this  proi)erty,  consider  the  problem  of  constructing 
a  circle  which  shall  pass  through  a  given  [)oint,  O,  and  cut  each 
of  two  given  circles,  C,  and  (\  at  right  angles.  If  we  invert  the 
figure  using  O  as  the  center  of  inversion,  C\  and  C,  become  two 
circles  C\  and  C'„  while  the  required  circle,  since  it  passes  through 
(),  becomes  a  straight  line  which  must  cut  C\  and  C\  at  right 
angles.  .  This  line  is  therefore  the  line  of  centers  of  C\  and  C\. 
Inverting  this  line  we  obtain  the  required  circle.* 

As  another  application,  invert  three  lines  which  form  a  triangle. 
We  obtain  three  circles  which  have  a  point  in  common,  and  since 
the  magnitude  of  an  angle  is  unchanged  by  inversion,  it  is  evident 
that  the  sum  of  the  angles  of  a  figure  formed  by  arcs  of  three  circles 
with  a  common  point  is  tzvo  right  angles.  To  make  the  proof 
general,  it  is  necessary  to  show  that  every  such  figure  may  be 
obtained  by  inverting  a  triangle.  To  do  this,  it  is  sufficient  to  invert 
the  three  circles,  taking  their  common  jx)int  as  the  center  of  in- 
version. 

For    further   illustration,   consider  a    simple    form   of  projective 

^  Problems  of  construction  have  been  systematized  by  means  of  the 
simple  transformations  mentioned  so  far  by  the  Russian.  AlexandroflF, 
and  the  I>ane,  Petersen,  whr>se  bf»oks  have  been  translated  into  French 
and  German.  Petersen's  has  also  been  translated  into  Italian  and  Fng- 
lish,  the  latter  appearing  under  title  of  Methods  and  Theories  for  the  Solu- 
tion of  frohlems  of  (Jeometrical  Constructions  [Copenhagen.  1879 1.  Further 
literatiirf-  is  ^'ivrii  in  the  chapter  on  elementary  constructions  in  the  admirable 
treati*.'-  edited  by  Knriques.  Questioni  riguardanti  la  Geometria  elementate, 
TJfdogna,    1901I,    a    German    translation    of    which    is    being    issued    by 

>ubncr  of  Leipzig. 
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transformation  defined  as  follows:  The  points  of  a  figure  F  in  a 
plane  «  are  joined  to  a  point  O  not  in  the  plane  ",  and  these  lines 
are  cut  by  a  second  plane  giving  a  second  figure  f.  To  any 
point  P  in  a  corresponds  the  point  P'  in  which  «-  cuts  OP.  To  a 
line  /  in  a  corresponds  the  line  /'  in  which  a'  cuts  the  plane  of  0 
and  /,  and  to  intersecting  lines  in  a  correspond,  except  in  special 
cases  to  be  considered  in  a  moment,  intersecting  lines  in  a. 

Parenthetically,  it  may  be  remarked  that  the  theory  of  transfor- 
mations gives  an  interesting  point  of  view  for  the  mathematicians' 
convention  concerning  the  infinite  region  of  the  plane.  If  we  invert 
a  point  P,  we  obtain  one  and  only  one  point  P',  unless  we  allow  P 
to  become  coincident  with  O  or  to  t-ecede  indefinitely  from  O.  If 
P  approaches  O,  P'  recedes  indefinitely  from  O  in  a  direction  de- 
pendent upon  the  fashion  in  which  P  approaches  0,  so  that  to  0 
itself  corresponds  any  point  at  infinity  (using  the  word  in  a  naive 
sense).  As  P  recedes  indefinitely  from  O  in  any  manner,  F'  ap- 
proaches O,  so  that  to  any  point  farther  from  O  than  we  can  ever 
get,  corresponds  O  itself.  To  avoid  constant  reference  to  this  ex- 
ceptional behavior  of  O,  when  working  with  inversions  we  arbi- 
trarily agree  to  call  the  infinite  region  of  the  plane  a  point,  the  in- 
verse of  the  point  O.  On  the  other  hand,  if  we  project  a  point  P 
we  obtain  one  and  only  one  point  P'  unless  OP  is  parallel  to «',  when 
the  position  of  P'  is  not  defined.  We  have  this  state  of  affairs,  not 
for  a  single  point  as  in  inversion,  but  when  P  is  any  point  on 
the  line  «  in  which  is  cut  by  the  plane  through  O  parallel  to  «'. 
To  every  line  /  in  a,  corresponds  one  and  only  one  line  /'  in  a 
unless  /  coincides  with  /.  If  L  moves  in  the  plane  «  and  approaches 
coincidence  with  i,  it  is  easily  seen  that  /'  recedes  indefinitely. 
Hence  when  working  with  projective  transformations  we  arbitrarily 
agree  to  call  the  infinite  region  of  a  plane  a  straight  line,  the  line  at 
infinity.  To  any  point  on  i  in  a  corresponds  a  point  on  the  line  at 
infinity  in  «';  but  it  happens  that  lines  in  «  which  intersect  on  /  pro- 
ject into  parallel  lines,  and  hence  we  are  led  to  say  that  "  parallel 
lines  meet  at  infinity."  In  this  apparent  contradiction  of  terms,  the 
verb  to  meet  has  lost  its  ordinary  significance,  the  word  infinity  has 
been  robbed  of  its  usual  naive  meaning,  and  the  phrase  as  a  whole 
is  nothing  but  a  technical  term  for  a  mere  convention.  Thus  in 
working  with  inversions,  we  are  led  to  regard  the  infinite  region  of 
the  plane  as  a  point,  when  dealing  with  projections  we  treat  it  as 
a  straight  line,  and  from  the  standpoint  of  some  other  transforma- 
tions we  might  regard  it  in  sonic  entirely  different  light. 
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If  we  consider  a  circle  in  the  plane  «,  and  draw  the  lines  tlirough 
its  points  and  a  point  O  in  the  line  perpendicular  to  a  at  the  center 
of  the  circle,  we  obtain  a  cone  of  revolution.  Hence  the  projection 
of  the  circle,  which  is  obtained  by  cutting  this  cone  by  a  second 
plane  i'  is  an  ellipse,  hyperbola,  or  parabola,  according  to  the  posi- 
tion of  a\  This  enables  us  to  study  the  conic  sections  by  means 
of  properties  of  circles.  Tlius  it  is  readily  proven  that  if  a  hexagon 
with  two  sides  parallel  respectively  to  the  sides  opposite  be  in- 
scribed in  a  circle,  the  third  pair  of  opposite  sides  will  be  parallel. 
Projecting  this  figure  we  obtain  a  hexagon  inscribed  in  a  conic, 
and  since  parallel  lines  meet  on  the  line  at  infinity,  which  projects 
into  a  straight  line,  we  have  Pascals  theorem,  the  pairs  of  opposite 
sides  of  a  hexagon  inscribed  in  a  conic  meet  in  coUinear  points.  The 
proof  is  general  if  it  can  be  shown  that  every  conic  and  inscribed 
hexagon  can  be  obtained  by  projecting  the  figure  with  which  we 
started.  This  follows  readily  since  any  conic  may  be  projected  into 
a  circle  at  the  same  time  that  any  line  is  projected  into  the  line 
at  infinity.^ 

Another  simple  transformation,  which  does  not,  however,  replace 
a  point  by  another  point,  has  its  origin  in  the  theory  of  poles  and 
polars.  A  polar  reciprocation  with  respect  to  a  given  conic  is  a 
transformation  which  replaces  any  point  by  its  jxjlar  and  any  straight 
line  by  its  pole.  To  the  line  joining  two  points  corresponds  the 
point  of  intersection  of  their  polars,  and  to  the  point  of  intersection 
of  two  lines  corresponds  the  line  joining  their  poles.  Three  points 
on  a  line  are  replaced  by  three  lines  passing  through  the  same  point. 
To  the  points  and  tangents  of  a  curve  correspond  respectively  the 
points  and  tangents  of  a  second  curve.  In  particular,  to  a  conic 
corresponds  a  conic,  to  the  six  vertexcs  of  Pascal's  hexagon  corre- 
spond six  tangents  to  a  second  conic,  to  the  sides  of  the  first  hexagon 
correspond  the  vertexes  of  the  second,  and  to  the  points  of  inter- 
section of  the  opposite  sides  of  the  first  correspond  the  lines  joining 
the  opposite  vertexes  of  the  second ;  from  Pascal's  theorem  wc  have 
at  once  Briauchon's  theorem,  the  lines  joining  the  opposite  vertexes 
of  a  hexagon  circumscribed  about  a  conic  arc  concurrent. 

We  might  continue  to  give  applications  of  these  and  other  trans- 
formations, but  enough  have  been  given  to  show  how  individual 
transformations  enable  us  to  derive  new  theorems  from  old  ones. 


1  Salmon.     Conic  Sections.      Ed.   to,   S  366,  p.  330. 
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Turn  now  to  the  systtMiis  of  transformations  necessary  for  classi- 
fying the  theorems  of  geometry.^ 

If  we  consider  all  translations  in  a  given  dircHition,  it  is  obvious 
that  the  result  of  the  successive  applications  of  two  transformations 
of  this  system  may  be  eflfected  by  a  single  transformation  of  the 
same  system.  Such  a  system  of  transformations  is  called  a  group. 
Not  all  systems  form  groups ;  thus  the  totality  of  symmetry  transfor- 
mations do  not  form  a  group,  because  if  a  figure  F  is  replaced  by  F' 
symmetrical  to  F'  and  F  by  F*'  symmetrical  to  F',  F  and  F"  are 
equal  and  a  displacement,  not  a  symmetry  transformation,  can  re- 
place F  by  F". 

A  group,  known  as  the  Euclidean  group,  is  formed  by  all  dis- 
placements, symmetry  and  similitude  transformations.  For  the 
successive  application  of  any  two  of  these  transformations  replaces 
F  by  F';  and  then  F'  by  F"  in  such  fashion  that  F  and  F"  are  either 
equal,  symmetrical,  or  similar,  and  hence  F  may  be  transformed  into 
F"  by  a  transformation  of  the  system.  Anotlier  group,  the  group 
of  inversions,  is  obtained  by  adjoining  all  inversions  to  the  trans- 
formations of  the  Euclidean  group.  In  space,  it  consists  of  all 
transformations  which  preserve  the  magnitude  of  angles.  The  />rQ- 
jective  group  contains  all  Euclidean  and  projective  transformations. 
These  three  groups  will  suffice  for  our  purpose. 

The  theorems  of  elementary  geometry  may  be  divided  into  two 
classes,  according  as  they  deal  with  a  single  figure  or  with  two 
figures  which  are  either  equal,  symmetrical  or  similar.  Consider,  for 
example,  the  theorem  that  a  straight  line  perpendicular  to  a  radius 
at  its  extremity  is  tangent  to  the  circle.  If  we  subject  the  figure  to 
a  displacement,  a  symmetry  or  similitude  transformation,  we  obtain 
a  circle,  a  radius,  and  a  straight  line  perpendicular  to  the  radius  at 
its  extremity,  which  is  still  tangent  to  the  circle.  But  if  we  invert 
the  figure  we  obtain  two  tangent  circles,  and  an  arc  of  a  third  circle, 
terminating  at  their  point  of  contact.  While  if  we  project  the  figure 
we  obtain  a  conic,  a  straight  line  tangent  to  it,  and  a  segment  of  a 
straight  line  terminating  in  the  point  of  contact,  but  which  is  not 
perpendicular  to  the  tangent.  Consider  also  the  theorem  that  two 
mutually  equilateral  triangles  are  equal.  If  we  apply  the  same  dis- 
placement, symmetry,  or  similitude  transformation  to  both  triangles, 
we  obtain  two  triangles  which  are  mutually  equilateral.     But  if  we 

1  These  ideas  were  developed  at  length  hy  Klein  in  his  Rrlanjucr  Pro- 
gramme,  1872.  A  translation,  entitled  A  Comparative  Review  of  Recent 
Researches  in  Geometry,  may  be  found  in  the  Bulletin  of  the  American 
Mathematical  Society,  first  scries,  volume  2  [1892-93],  page  215. 
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•  :.  irrt  \\\\*\\s  \u«  nlilrtiu  Iwo  triangles,  which  are  not  mutually  equi- 
••■!.  *.  1*  ^\\\\  U  \\^  lMvt*rt  Wf  do  not  even  get  two  triangles. 

U  r  \s\''\\\'\^  \\\  \\\^^v  rxainples  that  the  figure  and  content  of  the 
^*^  'Vr*M  i\\^  v><)^rMtiully  unchanged  by  a  transformation  of  the 
'  •*.-**. <V-r^M  iiS\^\\\\  liiit  that  they  are  changed  when  the  figure  is  sub- 

*  ^i-v*  ^VA  ^\\\  Mlhrr  tnins formation.     We  say,  then,  that  EucHdaan 
*>  ■'»**V-^i    t>HMtiUu  »»f  those   properties  of  figures,   which  are   un- 

*»^^*^vvl  U\  \\w  Imnsformations  of  the  Euclidean  group,  but  which 
'"'-  v-M^ms^ij  |»y  ulhiT  transformations.     Projective  geometry  con- 

*'^^  ^*lf  sUsitiv  thrnrcms,  like  Pascal's  and  Brianchon's,  which  are 
''*^^!Uiwti  hv  i\  transformation  of  the  projective  group,  but  which 
^i\  v-ii^uyvtl  by  other  transformations  such  as  inversion.  We  study 
aUw  m  nfnjri'tivr  geometry,  pairs  of  figures  which  may  be  projected 
»»^l"  vi.ii  h  iitlirr.  In  like  manner,  the  so  called  geometry  of  reciprocal 
la  lu  i;j  fihhiK'ialed  with  the  group  of  inversions,  and,  indeed,  with 
'-»^*>  yiiMip  is  associated  a\:ertain  body  of  theorems,  which  form 
li*<«  yuMMrtry  of  that  group.  In  this  fashion  the  theory  of  trans- 
l^'UiiHtitiiih  enables  us  to  classify  the  theorems  of  geometry. 

^Utfiiliiiifiiio  XHE  INTBODUCTIOH  OF  MODERN  NOTIONS  IITTO  THE   OEOME- 
TBT   OF  SECONDABT    SCHOOLS 

MV    C.    J.    KEVSER,    COLUMIUA    UNIVERSITY,    NEW    YORK    CITY 

*  M  all  the  diverse  forms  of  tyranny,  none  is  more  austere  and 
I'iijliM^  than  that  by  which  a  high  towering  summit  intellect  of  any 
't^r  hways  and  controls  the  thought  of  succeeding  ages.  The  blazing 
I'^lit  of  a  great  genius  may  blind  the  eyes  of  generation  after  genera- 
linn  of  men.  For  2000  years  the  imposing  creation  of  the  Aristote- 
him  logic  seemed  to  men  to  be  a  thing  perfect,  complete,  almost 
divine.  To  attempt  to  improve  it  or  to  supplement  it  was  regarded 
as  hopeless ;  to  propose  such  an  attempt  was  often  l(K)ked  upon  as 
ini|)ious.  At  last  the  yoke  has  been  shaken  oflf.  The  student  of 
logic  now  knows  that  the  Aristotelian  system,  however  important 
and  indispensable,  is  but  a  suite  of  rooms  in  the  great  palace  of 
UKxlern  logic  now  rapidly  rising  in  accordance  with  the  designs  of 
such  modern  architects  as  l>oole  and  C.  S.  Peirce.  and  Schroder  and 
Peano.  The  master  dramatists  of  Greece  exercised  a  sovereignty 
for  centuries  and  the  effectual  overthrow  of  the  tyranny  of  the 
"  unities  "  had  to  await  the  genius  of  the  Elizabethans.  Examples 
illustrating  my  thesis  of  the  tfX)  long  enduring  domination  of  a 
single  genius  abound  in  the  history  of  man.  in  science,  in  letters,  in 
art,  in  religion,  in  philosophy,  in  statesmanship.  In  case  of  Euclid's 
lilemcnts,  the  reign  is  broken  but  emancipation  is  by  no  means  com- 
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plete.  Particularly  in  secondar>'  education,  the  ancient  authority, 
though  its  rigor  has  heen  relaxed  and  its  perfection  impaired,  still 
prevails  to  the  exclusion  of  modern  spirit,  modern  ideas  and  modern 
modes  of  procedure. 

I  am  opposed  to  this  persistent  regnancy  of  tradition  and  plead 
for  the  extension  of  a  magnanimous  hospitality  to  the  living  geomet- 
ric thought  of  modern  days.  In  this  brief  address  I  wish  to  indicate 
in  an  entirely  informal  way  a  few  of  the  changes  that  I  think  it 
highly  desirable  to  make  in  the  mathematics  and  particularly  in  the 
geometry  of  the  secondary  school. 

Let  me  begin  with  one  of  Euclid's  axioms,  namely  that  which 
states  that  the  whole  is  greater  than  any  of  its  parts.  Now  Euclid 
considers  only  finite  magnitudes ;  his  lines  have  beginning  and  end ; 
they  are  line  segments  merely;  similarly  his  planes  are  but  finite, 
bounded  pieces  of  plane ;  and  so  on.  Now  his  so  called  axiom  holds 
good  for  finite  magnitudes  but  it  is  not  axiomatically  applicable  to 
them.  His  proposition,  then,  holds  good  for  the  sort  of  magnitudes 
he  considers,  but  it  is  not  axiomatic.  One  must  first  know  what  is 
meant  by  finiteness  of  magnitude  and  then  inquire  whether  the 
proposition  is  valid  respecting  such  magnitude.  Now  the  modified 
Euclid  that  you  probably  teach  not  only  retains  the  so  called  axiom 
but  admits  infinite  magnitudes,  such  as  beginningless  endless  lines 
and  boundless  planes.  As  applied,  however,  to  infinite  magnitudes, 
the  axiom  is  not  only  axiomatic  but  it  is  always  false.  You  are 
bound,  therefore,  either  to  exclude  infinite  magnitudes  from  your 
geometry  as  Euclid  did  or  to  exclude  the  axiom.  Even  if  you  ex- 
clude the  infinite  magnitudes  and  retain  the  axiom  you  may  not 
retain  it  as  self-evident.  But  if  you  exclude  infinite  magnitudes  and 
keep  finite  ones  only,  you  must  do  so  in  terms.  But  that  requires 
you  to  tell  what  you  include  and  what  you  exclude.  You  can  hardly 
define  either  the  finite  or  the  infinite  without  at  the  same  time  de- 
fining the  other.  Hence  you  must  define  both.  That  done,  you 
may  as  well  keep  both  and  then  show  that  the  so  called  axiom  is 
simply  a  proposition  that  always  holds  for  the  one  kind  of  magnitude 
and  never  holds  for  the  other  kind.  The  upshot  is  that  among  your 
geometric  axioms  you  must  not  have  the  statement  that  the  whole 
exceeds  its  part. 

The  like  considerations  hold  in  your  algebra,  where  you  deal  with 
multitudes  as  distinguished  from  geometric  magnitudes.  Multitudes 
may  be  finite  or  infinite.  The  definitions  must  be  given,  and  then 
it  will  appear  that  the  so  called  whole-part  axiom  is  simply  a  property 
of  every  finite  multitude  and  never  true  of  an  infinite  multitude. 
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Doubtless  you  think  it  time  to  ask :  what  is  the  finite  ?  What  is 
the  infinite?  And  how  make  the  notions  clear  to  a  high  school 
pupil?  Well,  you  are  right.  In  the  first  place  let  me  caution  you 
against  shrinking  from  the  task.  Xo  idea  is  simpler,  easier  to  ap- 
prehend, than  the  notion  of  tlie  infinite.  In  fact,  it  is  so  near  lying 
and  so  obvious,  so  writ  on  the  very  surface  of  tlie  eye,  that  people 
failed  to  see  it  for  nearly  or  quite  2000  years.  Meanwhile  no  one 
was  smart  enough  to  tell  satisfactorily  what  he  meant  by  the  finite. 
Now  any  high  school  pupil  fit  for  instruction  may  be  readily  taught 
to  define  both  the  finite  and  the  infinite  understandingly.  It  is  of 
great  importance  to  afford  this  instruction  not  only  for  the  right 
understanding  of  algebra  and  geometry  but  more  especially  to  equip 
the  minds  of  the  young  with  such  concepts  and  distinctions  as  they 
can  later  in  life  acquire  only  with  difficulty  and  as  are  absolutely 
essential  to  any.  competent  participation  in  the  thought  of  the  coming 
day.  Do  not  lose  sight  of  the  fact  that  from  among  the  boys  you 
teach  are  to  come  the  theologians,  the  philosophers,  the  scientists  of 
the  future.  Nothing  is  more  certain  than  that  the  progress  of  phi- 
losophy, the  advancement  and  clarification  and  rationalization  of 
theology,  the  depth  and  critical  facility  of  science,  all  depend  largely 
on  the  mastery  of  certain  instrumentalities  and  notions  that  modern 
mathematics  is  prepared  to  contribute  to  thought,  and  of  such 
notions  none  is  likely  to  play  a  more  distinguished  role  than  the 
notions  of  the  finite  and  the  infinite. 

I  suspect  it  is  best  to  begin  with  the  notion  of  multitude  —  to  make 
clear  to  the  pupil  what  a  finite  multitude  is  and  what  an  infinite 
multitude  is.  Many  arc  the  easy  means  of  doing  this  and  the  game 
may  be  played  with  variations.  Let  the  teacher  kqow  how  to  play 
the  game  with  facility  and  the  pupil  will  join  with  eager  and  intelli- 
gent interest.  Let  me  briefly  indicate  two  or  three  ways  of  doing 
the  thing.  Consider  the  sequence  of  integers  i.  2,  3,  4.  5,  ...  n, 
n-f-i,  ...  A  little  easy  dialectic  will  serve  to  convince  the  pupil 
that  tlic  sequence  continues  endlessly.  He  will  soon  prove  to  you 
that  it  has  no  last  term.  Write  the  sequence  of  even  integers  under 
the  other,  thus : 

(a)  1,2,3,4,5   ...   n,n+i    ... 

(b)  2,4,6,8, 10  . .  .   2n,  2(n-|-i)  .  .  . 

Xr>w  treat  the  figures  as  things  merely.  Pair  i  with  2,  2  with  4, 
and  so  on,  t.  c.  each  thing  in  (a)  with  the  thing  under  it  in  (b). 
A  one-to-one  correspondence  is  thus  set  up  1)etwecn  the  things  in  (a) 
and  the  things  in   (b).     Make  much  of  this  notion  of  one-to-one 
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correspondence.  It  is  fundamental  in  all  thinking.  By  this  means 
the  pupil  will  see  that  tnere  are  just  as  many  things  in  (a),  as  in  {^b) 
and  no  more,  it  in  a  tiock  of  slieep  and  a  herd  of  cows,  there  is 
one  cow  for  each  sheep  and  one  sheep  for  each  cow,  then  there  are 
just  as  many  sheep  as  cows  and  no  more.  Next  lead  the  pupil  to 
see  that  {b)  is  a  part  of  (a)  ;  that  is,  that  everything  in  {b)  is  in  (a) 
but  that  there  are  some  things  in  (a)  not  in  {b).  He  will  then  see 
that  (a)  is  a  whole  of  which  {b)  is  a  part  and  that  the  part  is  equal 
to  the  whole,  in  the  proper  sense  that  there  is  just  one  thing  in  the 
part  for  one  in  the  whole  and  conversely.  The  pupil  will  thus  see 
that  there  really  are  groups  such  that  the  whole  group  is  exactly 
equal  to  some  part  of  the  group.  Such  a  group,  or  class,  or  en- 
semble, or  multitude,  is  said  to  be  infinite.  Let  the  pupil  repeat  the 
discourse,  lead  in  a  reproduction  of  the  dialogue,  leading  to  the 
result — the  concept  of  an  infinite  class  of  things.  He  will  astonish 
you  with  his  facility  and  acumen.  Then  show  by  the  pupil's  co- 
operation that  there  are  also  classes,  say  the  class  of  pupils  in  the 
room  or  the  class  of  trees  on  the  continent  or  tlie  class  of  sand 
grains  on  the  shore,  such  that  the  whole  class  has  no  part  equal 
(in  the  one-to-one  sense)  to  the  whole.     Such  a  class  is  finite. 

Hence  a  class  being  given,  the  question  may  always  arise  whether 
it  is  finite  or  infinite.  It  must  be  one  or  the  other  and  can  not  be 
both.  Here  one  may  exercise  the  pupils  with  the  liveliest  interest 
in  telling  whether  and  why  classes  mentioned  by  the  teacher  or  them- 
selves are  finite  or  infinite.  They  might  speculate  on  which  are  the 
more  numerous,  of  more  frequent  occurrence,  finite  collections  or 
infinite  collections.  Quickly  will  they  brand  the  old  whole  part  axiom 
^s  absurd.  Later,  too,  will  the  best  of  them  gain  an  enhanced  sense 
of  the  dignity  of  man  in  finding  that  man  is  not  a  p(X)r,  puny,  finite 
thing  incapable  of  dealing  with  the  infinite  but  that  on  the  contrary 
he  knows  precisely  what  he  means  by  the  infinite  and  can  wield  the 
idea  without  vagueness  in  his  thought.  Here  lies  the  way  to  im- 
provement in  theology. 

In  this  connection  permit  me  to  play  the  game  as  it  was  played 
in  about  1858-59  by  one  of  the  pioneers,  l>crnhard  P»olzano,  philoso- 
pher, theologian  and  brilliant  mathematician.  Take  some  simple 
equation  like  J*y  —  .r^^o,  or  y---  ].v.  The  pupil  will  readily  see  that 
for  every  value  of  .r  there  is  one  and  but  one  value  of  y,  and  con- 
versely. That  is,  there  is  a  one-to-one  corresfK^ndence  between  the 
class  of  X  values  and  the  class  of  y  values.  He  will  see,  too,  that 
the  class  of  y  values  is  a  part  of  tlio  whole  class  of  .r  values.  Hence 
the  class  of  .r  values  is  infinite.     You  can  readily  lead  him  to  see, 
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too,  that  ii  a  part  is  equal  to  the  whole,  tlie  part  is  infinite.  To 
viviiy  tiie  Ik)lzano  illustration  proceed  as  follows:  Draw  a  line 
and  on  it  take  a  zero  point  or  origin  and  on  one  side,  say  to  the 
right,  mark  off  a  length  and  call  it   i.     On  the  line  lay  off  the 


various  values  of  x  and  the  corresponding  values  of  y.  A  value  of 
X  will  bring  you  to  a  point,  and  the  corresponding  value  of  v  to  a 
point  (in  general  different  from  that  of  x).  If  .r^=  i,  then  >'^=i; 
if  -r  =  |,  y  =  i,  if  x=^o,  y=o.  As  x  takes  all  values  beginning 
with  zero  and  ending  with  i,  y  will  take  all  values  beginning  with 
zero  and  ending  with  ^.  In  other  words,  as  x  takes  all  positions 
or  ix)ints  from  point  zero  to  point  i,  y  lakes  all  points  from  point 
zero  to  point  |  and  no  others.  Ever)-  time  x  takes  a  new  point,  so 
does  y.  It  is  clear  that  thus  a  one-to-one  correspondence  is  set  up 
between  the  class  of  points  on  the  segment  from  zero  to  ^  and  the 
class  of  points  on  the  segment  from  zero  to  i.  But  the  first  class 
is  a  part  of  the  second  class,  the  whole.  Hence  the  class  of  points 
on  the  segment  from  zero  to  i  is  infinite.  So,  too,  for  any  other 
segment  however  long  or  short.  There  is  no  **  trick  "  about  this. 
We  have  not  shown  that  the  short  segment  is  equal  in  length  to  the 
long  one.  What  we  have  shown  is  that  there  are  just  as  many 
[Kjints  on  the  part  segment  as  on  the  whole  segment  and  no  more 
or  less. 

Illustrations  abound  in  endless  variety.  We  are  immersed  in  a  sea 
of  them,  and  only  a  little  ingenuity  will  enable  one  to  appropriate 
the  waters.  I  will  content  myself  with  a  single  other  example  that 
fairly  shocks  one  with  its  obviousness.  This  time  take  a  line  two 
units  long  and  from  one  end  another  of  one  unit  as  in  the  figure. 
Ixt  AB  be  two  units,  and  AF  one  unit.    Join  B  to  P  and  any  point 


A'  of  this  line  to  A.     Then  join  R  to  all  points  of  AB.     In  so  doing 
\oii   join   R  If)  each  ])oint  of  .lf\     A  oiie-t^)-()nc  C()rros|)undcncc  is 
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thus  set  up  between  the  points  of  AB  and  the  points  of  AP.  This 
being  done,  turn  AP  alx>ut  A  till  it  falls  along  AB,  P  will  fall  on 
the  mid  point  of  AB.  You  have  then  a  one-to-one  correspondence 
between  all  the  points  of  AB  and  the  points  on  half  of  AB.  Whence 
it  again  appears  that  there  are  just  as  many  points  in  a  long  as  in  a 
sliort  segment  and  that  the  group  of  points  on  any  segment,  no 
matter  how  short,  is  an  infinite  collection. 

Invent  and  lead  the  pupil  to  invent  exercises.  Let  him  show  that 
there  are  just  as  many  points  inside  as  outside  a  circle,  just  as  many 
inside  as  outside  a  sphere  or  marble.  Let  him  apply  the  definitions 
of  finite  and  infinite  to  show  such  things  as  that  the  class  of  numbers 
between  5  and  50  is  finite,  that  the  group  of  leaves  grown  in  a  year 
or  a  million  years  is  finite,  that  the  group  of  fractions  between 
I  and  2  is  infinite,  that  -the  group  of  Hues  or  of  triangles  or  of 
circles  in  the  plane  is  infinite,  that  if  one  could  live  for  ever  and 
write  in  two  years  the  autobiography  of  one  day,  every  day  would 
get  written,  that  is  no  day  but  would  in  course  of  time  be  written. 
When  would  the  tenth  day  be  written  ?  The  ten  milHonth  day  ?  The 
«"»  day? 

Thus  far  we  have  talked  mainly  of  multitude.  Let  us  turn  now 
to  magnitude,  such  for  example,  as  we  deal  with  in  geometry.  How 
shall  we  define  infinite  magnitude?  Finite  magnitude?  The  pro- 
cedure must  be  suitable  for  high  school  use.  We  are  to  say,  not 
the  last  word  about  it,  but  rather  a  right  first  word.  A  natural  be- 
ginning is  as  follows.  A  magnitude  will  be  called  finite  if  when 
you  come  to  measure  it  you  find  it  contains  a  finite  number  of  units, 
Hke  the  inch  or  foot.  That  is  you  define  finite  magnitude  by  help 
of  the  notion  of  finite  multitude  (namely  of  units).  Similarly  for 
infinite  magnitude.  Consider  the  line  beginning  at  any  |X)int  P  and 
proceeding  onward  endlessly.  To  that  notion  the  pupil  will  oflfer  no 
resistance.     Treat   this   half  line   as   a   mag^iitude.     Is   it  a   finite 


magnitude?  Take  any  ordinary  unit,  as  a  foot  say.  Lay  it  off  a 
few  times  anl  mark  the  divisions  in  order  with  the  integers  1,2... 
Consider  the  class  of  sections  (units,  in  this  case  feet)  so  obtainable. 
Ask  the  pupil  to  notice  the  two  movements,  movement  along  the 
line  and  movement  along  the  integer  secjuence.     Will  one  movement 
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carry  you  further  than  the  other?  Has  not  the  line  a  diiisioo  point 
for  ever}-  integer  in  the  sequence  r  The  pupil  will  say  yes.  Is  tficre 
not  an  integer  for  each  di\-ision  point?  Again  he  will  say  yes. 
There  are  just  as  many  feet  «  units  f  in  the  line  as  di\-isioii  points 
and  just  as  many  division  points  as  numbers  in  the  class  of  integers. 
But  the  class  of  integers  is  infinite ;  so,  then^  the  class  of  units  { feet.) 
in  the  line  is  infinite.  The  line,  then,  is  not  a  finite  magnitude.  We 
call  it  an  infinite  magnitude.  If  we  put  F  where  i  is,  and  i  where 
2  is.  and  so  on,  we  shall  have  just  as  many  units  to  the  right  of  the 
new  P  as  before.  That  is  the  old  magnitude  is  equal  to  the  new. 
The  new  is,  however,  but  part  of  the  old.  So  you  see  that  in  case 
of  magnitudes  as  in  case  of  multitudes,  an  infinite  whole  has  a  part 
equal  to  the  whole.  One  may  easily  show  that  a  finite  magnitude 
exceeds  any  of  its  parts.  Let  us  a^-ay.  then,  vath  the  vicious  old 
whole  part  axiom  in  geometrv  as  well  as  in  algebra.  Note,  too,  that 
we  might  as  well  take  the  \-ard  or  meter  for  unit.  The  infinite  line 
running  out  from  P  contains  exactly  as  many  yards  or  meters  as 
feet.  Such  a  statement  is  of  course  not  true  of  a  finite  line,  one, 
that  is,  that  both  begins  and  ends. 

Xext  consider  the  whole  line  running  both  ways  from  P.  Mark 
off  the  units  to  the  left  of  P  by  the  integers  T.  2\  3'...  Now 
pair  as  follows : 

(at   1,  i\2,2\3.  y...  n,  n'   ... 
i h)    I.  2,  3,  4,  5.  6  - . .  2n.  2n-^i  . . . 

S^-»  the  pupil  will  see  that  collection  1  b )  has  precisely  as  many  things 
as  collectifjn  td).  Hut  the  whole  line  has  just  as  many  units  as  (a) 
and  the  part  line  just  as  many  as  <  />  k  So  it  is  seen  that  the  part 
line  is  just  as  long  as  the  whole  line.  How  long  then  is  the  be- 
ginningless  endless  line?  .\nswer:  It  has  just  as  many  units  of  a 
ch^/sen  kind  as  there  are  integers  in  the  collection  oi  integers. 

It  i<i  easy  to  see  that  there  is  no  number  in  [b )  that  tells  how 
many  integers  in  ih)  fi»r  any  given  nunilxT  in  ib)  tells  how  many 
ir^  •  h )  up  to  an^I  inchnling  the  given  nnnilK*r  but  Inyond  the  given 
r.*:riil^:r  the  inte;:^er>  cro  on  t-n«llessly.  Hence  if  we  wish  to  say  how 
n.'iny  nur.ilKrr-i  in  (  h  )  we  nuist  use  another  sij^n  r»r  symbol,  say  a, 
f !::-  rauvAxT  a  is.  then.  V*  tell  us  l!"e  nunilxT  ••!'  thini^s  in  a  collec- 
'>»:!  containinj:(  as  many  thint^s  a-  « '^  >.  H«>\\  nany  feel  or  yards  or 
;..:>■-  in  a  \\h>'>\f  line?  The  answer  is  ii.  T\u<  a  is  an  infinite  nuni- 
vr  aru!  it  i-  a  caniinal.  t«N>.  H«  w  n:any  units  does  a  line  stretch  out 
ir-  '.'.  on*-  of  it-  j/oint^'     The  answer  is  a  units.     ih\  hey»'!id?     Xo. 


IQO^J  SECTION    MEKTINC.S  —  SECTION    1)  59 

I  am  here  speaking  of  the  Hue  of  parabolic  geoinetry,  the  kind  the 
pupil  unconsciously  believes  in. 

P- 


I  should  not  fail  to  acquaint  the  pupil  with  the  notions  of  range 
of  points  and  pencil  of  line§,  and,  in  that  connection,  with  the  notion 
that  parallel  lines  meet  at  an  infinite  distance,  i.  e.  at  a  distance  equal 
to  a  units.  He  will  readily  see  that  to  any  point  /  of  line  L  there 
corresponds  one  line  through  F,  namely  PI,  and  that,  conversely, 
to  any  line  through  P  there  corresponds  one  point  /  of  L,  except 
that  to  a  line  through  P  parallel  to  L  there  seems  to  be  no  point 
on  L.  This  single  exception  to  the  correspondence  is  annoying. 
How  shall  we  get  rid  of  it  ?  We  do  it  by  agreeing  to  say  that  the 
parallel  does  meet  L,  not  in  a  point  whose  distance  is  a  finite  number 
of  units  away,  but  in  a  ix>int  a  units  away.  We  call  this- point  the 
infinite  point  of  L.  We  agree  to  say  that  a  line  has  just  one  point 
at  infinity  because  one  such  point  removes  the  one  exception,  the 
single  source  of  annoyance,  above  noted.  Euclid  has  nothing  to  do 
with  such  points.  He  was  a  Greek.  The  Greek  genius  was  domi- 
nated with  a  certain  artistic  craving,  a  craving  for  objective  repre- 
sentability.  The  infinite  does  not  lend  itself  to  such  uses.  It  was 
not  Greek  estheticism  but  the  objectivity  of  Greek  estheticism  that 
kept  the  infinite  out  of  their  hearts  and  heads.  Otherwise  how 
different  had  been  the  course  and  development  of  western  civiliza- 
tion, science,  philosophy,  religion.  The  infinite  point  of  a  line  came 
into  geometry  less  than  300  years  ago  by  the  genius  of  Gerard 
Desargues,  contemporary  of  Pascal.  Descartes.  Newton  and  Leibniz. 
It  is  high  time  the  notion  should  fertilize  the  geometry  of  the  high 
school.  Parallel  lines  are  lines  that  have  their  infinite  points  in 
common.  Rotate  a  line  about  any  one  of  its  points.  Each  point 
of  the  line  describes  the  circumference  of  a  circle.  The  infinite 
point  of  the  line  describes  a  circumference  of  infinite  radius.  Show 
the  pupil  that  such  a  circumference  is  a  straiqrht  line.  Then  stop 
defining  circle  as  a  piece  of  the  plane.  Define  it  as  a  line.  So 
straight  lines  will  be.  special  circles,  namely  circles  of  radius  having 
a  units.     So,  too,  points  will  be  circles  of  zero  radius.     I  plead  not 
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for  fewer  syllogisms  but  for  more  thinking,  more  conception,  more 
imagination,  more  life  and  light  and  freedom.  Let  us  stop  trying  to 
make  poor  Greeks  out  of  good  modem  Americans.  The  Greeks 
were  marvelously  progressive.  Let  us  follow  their  example  and 
emancipate  ourselves  from  their  domination  as  they  surpassed  their 
ancients.     That  is  the  way  to  be  a  good  Greek. 

Just  as  the  infinite  points  of  a  plane  constitute  an  infinite  circle, 
that  is  a  straight  line,  so  show  the  pupil  that  the  infinite  points  of 
space  constitute  a  sphere  (surface)  of  radius  a,  i.  e.  a  plane. 
Define  sphere  as  a  surface,  not  as  a  solid,  so  that  a  plane  will  be  a 
special  sphere. 

Present  the  notion  of  dimensionality  and  element.  Show  their 
dependence  on  each  other.  The  plane  is  bidimensional  in  points. 
Why  ?  Because  to  fix  a  point  you  must  know  two  things  about  it. 
For  the  same  reason,  the  plane  is  bidimensional  in  lines.  Let  the 
pupil  show  that  the  plane  is  tridimensional  in  circles,  that  space  is 
tridimensional  in  points,  also  in  planes,  that  it  is  four  dimensional  in 
lines,  also  in  spheres,  that- it  is  six  dimensional  in  circles,  and  so  on 
and  on. 

Introduce  tfie  notion  of  quality  or  reciprocity,  first  in  the  plane, 
then  in  space.  In  the  plane  the  point  and  the  line  are  dual  elements. 
Two  points  determine  a  line,  two  lines  a  point ;  one  point  determines 
a  pencil  of  lines,  one  line  a  range  of  points.  Define  your  figures  not 
as  portions  of  the  plane  but  as  combinations  of  points  and  lines. 
Three  points  determine  a  triangle,  so  do  'three  lines.  Four  points 
determine  a  quadrangle,  four  lines  determine  a  quadrilateral'.  And 
so  on.  These  configurations  are  dual  in  pairs  and  have  like  prop- 
erties. Study  them  side  by  side.  If  a  circle  be  a  locus  of  points, 
it  is  equally  an  envelop  of  lines.  If  a  line  is  a  locus  of  points,  a 
point  is  an  envelop  of  lines.  Why  exercise  the  pupil  in  loci  and  not 
also  in  envelops?  The  like  for  space.  A  sphere  is  just  as  much  an 
envelop  of  planes  as  it  is  a  locus  of  points.  In  space,  the  point  and 
the  plane  arc  dual  elements.  For  any  theorem  about  figures  deter- 
mined by  points,  there  is  a  theorem  alxiut  dual  figures  determined 
by  planes.  One  point  determines  a  sheaf  of  planes,  one  plane  is  a 
corresix)nding  field  of  points.  Two  points  dctcmiine  a  line,  a  range 
c»f  points;  two  planes  determine  a  line,  an  axal  system  of  planes. 
Three  points  determine  a  plane,  three  planes  a  point.  Four  points 
rletcrniinc  a  tchaldron,  so  do  four  planes.  What  is  the  locus  of  a 
point  that  varies  so  as  to  be  alwavs  the  same  distance  from  a  given 
line?    What  is  the  envelop  of  a  plane  that  so  varies  as  to  be  always 
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the  same  distance  from  a  given  line?  Such  queries  are  of  inex- 
haustible variety.  Lead  the  pupil  to  invent  and  answer  numerous 
such  questions. 

Rough  and  informal  as  my  remarks  have  been,  they  may  suffice 
to  indicate  the  spirit  of  freedom  I  should  like  to  see  introduced  into 
geometric  teaching.  There  is  no  faculty  of  the  mind  that  may  not 
be  thus  brought  into  play.  It  goes  without  saying  that  to  give  free- 
dom to  the  pupil  the  teacher  must  first  have  attained  emancipation 
and  be  able  to  move  readily  and  joyously  in  the  infinitely  complex 
web  of  ideas  and  relationships  that  make  up  that  wondrous  thing 
called  the  science  of  space. 
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GENERAL  SESSION 
Wednesday  evening,    December  26 

THE    PREPARATION    OF    THE    TEACHER    OF    MATHEMATICS    IN    SECONDARY 

SCHOOLS 

BY  DAVID  EUGENE   SMITH    LL.D.,  TEACHERS   COLLEGE,   COLUMBIA   UNI- 
VERSITY,  NEW   YORK   CITY 

Rhythm  of  histcry 

Of  all  the  fascinating  phases  of  the  culture  studies  none  has  more 
to  commend  itself  either  to  our  esthetic  instincts  or  to  our. practical 
nee:'s  than  the  rhythm  of  history.  The  world's  tastes  of  yesterday, 
its  ideals,  its  methods  of  business,  are  discarded  today  to  seeming 
oblivion,  only  to  reappear  tomorrow.  Histoiy  pulsates;  the  graphic 
arts  flourish,  they  languish,  they  flourish  again,  and  so  on  in  endless 
rhythm ;  the  tastes  of  the  schools  in  one  generation  are  not  those  of 
the  next,  but  in  due  time  reappear  on  the  crest  of  the  wave ;  religious 
zeal  seems  to  have  conquered  the  world  in  one  century,  only  to  be 
followed  by  a  period  of  spiritual  depression,  and  so  throughout  the 
range  of  human  interests.  But  these  pulsations,  these  waves  of  the 
human  soul,  are  by  no  means  alike ;  the  great  law  of  evolution  decrees 
that  each  succeeding  one  shall  have  its  own  characteristics,  even  as 
those  caused  by  a  pebble  in  a  pond  are  of  increasing  breadth  and 
circuit.    ' 

Xow  the  relation  of  mathematics  to  natural  science  is  subject  to 
this  same  law.  With  Thales  it  was  close,  with  Pythagoras  it  was 
less  so,  and  with  the  disciples  of  the  latter  it  was  still  less ;  but  with 
Plato  it  turns,  and  with  Aristotle  il  becomes  close  again :  with  Euclid 
it  relaxes,  and  with  Archimedes  it  strengthens ;  and  so  on  until 
modern  times.  5ee.  for  example,  the  calculus,  devised  as  a  tool  for 
physical  research  ;  in  the  next  generation  more  abstract ;  in  the  time 
of  Laplace  and  Lagrange  again  chiefly  an  aid  to  natural  science; 
in  the  next  generation  a  subject  of  investigation  abstract  from  the 
scientific  application ;  and  although  in  the  hands  of  T>ord  Kelvin 
exactly  what  it  was  in  the  hands  of  Xewton,  in  the  average  Ameri- 
c'lti  college  course  of  today  a  dull,  meaningless  mass  of  theory  with 
few  aj)plicati(>^is.  with  little  interest,  and  of  value  far  less  than  it 
might  easily  possess.  Hence  it  seems  to  me  a  very  hopeful  sign 
that,  even  as  in  the  days  of  Archimedes,  of  Roger  Bacon,  and  of 
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Xewton,  the  general  sciences  drew  close  to  mathematics,  so  in  this 
association  an  intimate  relationship  should  be  recognized. 

Union  of  mathematics  and  science 

And  yet,  even  with  this  hopeful  sign  comes  the  ever  present 
danger,  the  thought  that  the  crest  of  the  wave  will  be  followed  by  a 
depression.  For  when  science  gives  herself  completely  to  the  em- 
brace of  cold  and  calculating  mathematics  she  never  fails  to  repent, 
and  in  her  repentance  she  again  seeks  her  own ;  and  when  mathe- 
matics yields  too  much  to  the  warming  influence  of  science  he  gives 
of  his  own  virility  for  the  time  and  ceases  to  progress.  When,  how- 
ever, each  supports  the  other  in  perfect  union,  neither  forgetting  its 
own  proper  mission,  then  we  have  an  offspring  of  ideas  that  grow 
strong  and  help  the  world  to  progress.  It  is  with  the  desire  to  see 
such  a  union  that  I  welcome  the  consideration  of  this  topic  by  an 
association  of  science  teachers. 

What  makes  a  mathematician? 

This  relation  of  science  to  mathematics  (and  be  it  understood  that 
the  word  "  science  "  is  used  for  brevity  in  its  popular  sense,  mathe- 
matics being  even  more  of  a  science  than  the  "sciences") — this 
relation  of  science  to  mathematics  leads  to  the  remark  that  the  idea 
of  what  constitutes  a  mathematician,  like  all  ideas,  has  had  its  own 
rhythmic  progress.  If  you  will  take  a  small  map  of  India  and  place 
your  thumb  on  Bombay  and  your  forefinger  on  Calcutta,  and  then 
will  close  them  slightly  and  move  them  a  little  toward  the  top  of 
the  map,  they  will  rest  on  or  near  the  two  greatest  mathematical 
centers  of  ancient  India,  the  finger  on  Patna  where  Aryabhata  lived 
and  labored  14  centuries  ago,  and  gave  us  the  oldest  complete  Hindu 
mathematical  treatise  that  has  come  down  to  us ;  and  the  thumb  on 
Ujjein,  where  a  century  and  a  half  later  Brahmagupta  made  a 
mathematical  Mecca  for  his  countrymen.  This  sage  of  Ujjein  has 
given  us  a  definition  of  a  mathematician,  and  one  which  we  may  well 
consider  in  thinking  of  the  making  of  a  teacher;  for,  primitive 
though  it  be,  it  is  not  without  its  suggestiveness.  Brahmagupta 
says :  **  He  who  distinctly  and  severally  knows  addition  and  the  rest 
of  the  20  logistics,  and  the  eight  detemiinations.  including  measure- 
ment by  shadow,  is  a  mathematician."  ( I  might  pause  to  inquire, 
in  view  of  this  definition,  if  there  is  a  mathematician  here  present.) 
Now  what  does  this  mean  ?  r>rahmagupta\s  20  '*  logistics ''  were : 
our  four  fundamental  operations,  squares  and  cul)es,  with  their  re- 
spective roots,  five  fules  in  fractions,  the  rules  of  3,  5,  7,  9,  11,  and 
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barter ;  his  eight  **  determinations  "  were  mixture,  progression,  plane 
figure,  excavation,  stack,  saw,  mound  and  shadow  —  to  use  his  own 
phraseolog} .  Now  the  details  of  all  this  will  not  interest  us  par- 
ticularly, but  the  quaint  language  may  catch  our  attention  sufficiently 
to  have  ys  remember  that  a  mathematician  is  not  merely  a  man  who 
knows  the  theories  of  the  subject,  but  one  who  is  able  to  use  those 
theories  in  a  practical  way.  And  this  has  generally  been  the  case 
with  the  world's  greatest  leaders  in  this  field.  Archimedes,  for 
example,  wanted  higher  mathematics  that  he  might  use  it,  and  so  he 
laid  the  foundations  of  the  calculus  nearly  20O0  years  before  Leib- 
nitz and  Newton,  building  immediately  upon  the  works  of  Kepler, 
Cavalieri,  Fermat  and  Descartes,  created  the  science  as  we  know  it. 
And  so  these  other  men  just  named,  and  Euler,  Laplace,  Lagrange, 
Legendre,  Monge,  Gauss,  Cauchy,  not  to  speak  of  Klein  in  our  own 
day,  men  whom  we  look  up  to  as  among  the  world's  greatest  mathe- 
maticians, all  knew  the  larger  uses  as  well  as  the  mere  theories  of 
this  oldest  of  all  sciences. 

The  teacher  vs.  the  mathematician 

Now  a  teacher  of  mathematics  stands  somewhat  apart  from  the 
mathematician  himself.  I  know  very  few  men  of  recognized  stand- 
ing as  investigators  in  mathematics  whom  I  would  dream  of  recom- 
mending as  teachers  of  the  subject;  neither  do  I  know  many  who 
are  today  molding  the  teaching  of  mathematics  whom  I  would  recom- 
mend for  positions  requiring  original  investigation  in  mathematics. 
And  this  is  merely  a  corollary  to  a  psychological  proposition ;  if  our 
brain  cells  have  become  so  formed  or  so  interrelated  that  we,  ;it 
adult  age,  have  interests  abnormally  along  one  line,  it  is  exceedingly 
difficult  for  us  to  concentrate  attention  on  another  line.  We  express 
this  in  a  homely  way  by  telling  the  cobbler  to  stick  to  his  last.  So 
it  is  only  fair  to  say  that  an  ideal  teacher,  an  exceedingly  difficult 
f»crson  to  find,  while  possessed  of  an  all  round  knowledge  of  mathe- 
matics and  interested  in  seeing  it  develop,  can  not  be  expected 
greatly  to  assist  this  development  by  his  own  original  discoveries. 
On  the  other  hand,  a  man  who  is  doing  really  great  work  in  mathe- 
nialiral  investigation,  and  such  men  arc  also  exceedingly  difficult  to 
find,  while  interested  in  seeing  the  subject  well  taught,  can  not  be 
expected  greatly  to  assist  in  advancing  the  e(hicational  thought  by 
his  own  efforts.  The  great  teacher  and  the  great  mathematician  are 
equally  rare :  they  are  equally  to  be  honored  ;  but  they  are  never  com- 
bined in  one  individual.  And  between  these  extremes  the  law  still 
holds ;  as  a  man  leans  to  the  one  side,  his  interests  fail  in  the  other. 


1906]       THE  TEACHEU  OF  MATHEMATICS   IN  SECONDARY  SCHOOLS       O5 


Doubts  as  to  professional  training 

Now  this  law  is  often  denied,  both  by  original  investigators  in 
education  and  by  original  investigators  in  mathematics.  We  have 
in  this  country  a  good  many  pretty  fair  teachers  of  mathematics  who 
think  that  they  are  great  mathematicians,  and  it  may  be  well  that 
they  should  think,  so,  since  it  increases  that  all  round  interest  in  the 
science  which  it  is  so  necessary  for  them  to  j)ossess;  but  in  reality 
they  are  mere  dust  floating  about  in  the  gigantic  machine.  On  the' 
other  hand  we  have  a  good  many  men  who  arc  contributing  more 
or  less  to  the  progress  of  mathematics,  and  who  think  they  are  great 
teachers,  when  they  are  ignorant  of  even  the  primary  principles  of 
education^  usually  even  doubting  that  such  principles  exist.  The 
one  who  is  interested  primarily  in  teaching,  sometimes  displays  his 
ignorance  by  openly  expressing  nonappreciation  of  the  work  that 
is  being  done  in  higher  mathematics,  and  thus  he  shows  a  narrow 
mind  that  excites  the  pity  of  all  who  fairly  look  at  the  progress  of 
the  world.  On  the  other  hand,  the  one  who  is  interested  primarily 
in  mathematical  research  sometimes  displays  his  ignorance  by  openly 
expressing  his  disbelief  of  the  work  that  is  done  in  the  professional 
training  of  a  teacher,  a  training  which  would  at  one  time,  when  his 
mind  was  receptive  of  something  l)esides  mere  mathematical  truth, 
have  been  a  service  to  him.  This  antagonism  to  matters  educational 
arises  from  the  fact  that  there  was  for  a  long  time  a  tradition  among 
those  who  ranked  themselves  as  scholars  that  the  guild  of  teachers 
burned  incense  before  some  fetish  called  method,  without  worship- 
ing at  the  altar  of  true  knowledge :  that  its  members  bowed  before 
form  without  content,  shadow  without  substance. 

In  the  early  days  of  normal  schools,  and  long  before  the  profes- 
sional college  was  thought  of,  there  may  have  been  some  justification 
for  the  charge.  I>ut  with  the  rise  of  the  standard  normal  school  of 
today,  with  at  least  two  years  beyond  a  four  years'  high  school 
course,  usually  combining  advanced  academic  work  with  the  pro- 
fessional, and  with  the  birth  of  higher  professional  colleges,  and 
with  the  growth  of  special  training  in  other  professions,  the  tradition 
has  lost  its  earlier  dogmatic  form.  Two  generations  ago  physicians 
often  asserted  that  the  knowledge  required  for  their  fraternity  was 
best  obtained  in  the  office  of  a  good  practitioner,  but  today  we  re- 
quire not  only  graduation  from  a  good  medical  college,  but  even 
postgraduate  work.  The  lawyer,  the  preacher,  the  nurse,  the  book- 
keeper, and  the  teacher  as  well,  all  demand  knowledge  j)eculiar  to 
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their  several  professions,  and  in  advance  of  that  of  their  immediate 
predecessors. 

Growth  of  the  demand  for  professionally  trained  teachers 

These  facts  have  been  so  generally  recognized  that  there  is  a 
rapidly  increasing  demand  for  professionally  trained  teachers  of 
mathematics,  as  of  other  subjects,  in  secondary  schools  and  colleges. 
The  time  was  when  part  of  this  demand  was  satisfied  by  graduates 
of  academies  and  normal  schools,  but  this  time  has  passed.  The 
smaller  villages  may  still  have  to  employ  such  teachers,  and  unless 
they  will  pay  enough  to  get  a  good  class  of  college  graduates  it  is 
better  that  they  should ;  but  all  of  the  more  responsible  positions  now 
demand  the  college  degree,  and  rightly  so.  In  addition  to  this,  a 
graduate  professional  year  is  coming  to  be  required  wherever  it  is 
possible  to  find  candidates  \\1io  have  taken  it,  and  the  future  will 
see  the  doctor's  degree  demanded,  plus  or  together  with  this  ad- 
vanced professional  training.  Last  year  half  a  dozen  of  my  graduate 
students  secured  positions  on  college  faculties,  a  fair  index  of  the 
value  placed  upon  the  professional  work  by  the  very  institutions 
that  recently  were  doubtful  of  the  advantages  of  a  course  in  edu- 
cation. 

Nature  of  the  work  of  making  a  teacher  of  mathematics 

This  too  long  preliminary  discussion  brings  me  to  the  question  as 
to  the  preparation  demanded  today  for  a  satisfactory  teacher  of 
secondary  mathematics.  I  say  **  today,"  because  tomorrow  will  de- 
mand more,  and  I  say  "  secondary,"  meaning  to  include  high  schools, 
normal  schools  and  the  freshman  year  in  college. 

In  answering  the  question,  it  is  unnecessary  to  discuss  the  matter 
of  personality.  That  is  largely  beyond  the  |K)wers  of  the  profes- 
sional school.  All  that  -we  who  are  training  teachers  can  expect  to 
do  is  this :  other  things  being  equal  we  can  make  what  we  sometimes 
hear  called  a  **  boni  teacher  "  much  better  able  to  do  good  work, 
saving  him  from  a  multitude  of  blunders  and  showing  him  the 
large  questions  which  he  should  not  allow  to  Ik?  obscured  by  a  mul- 
titude of  unimportant  details.  *  '■ 

[''irst,  what  academic  work  does  he  need  in  mathematics?  As 
a  niiiiimum  he  must  have  two  years  of  college  work,  carrying  him 
tlirongli  the  element?  oi  the  calculus.  Any  less  than  this  would 
unfit  him  intelligently  to  handle  either  geonictrv  or  algebra.  In 
addition  to  this  my  own  students  are  practkrally  required  to  take 
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projective  geometry  because  of  its  bearing  upon  the  Euclidean 
science,  and  the  advanced  theory  of  ccjuations  because  of  the  light 
which  it  throws  on  algebra.  But  most  of  my  graduate  students 
take  much  more  than  this,  the  theory  of  functions,  differential 
equations,  solid  analytics,  the  theory'  of  surfaces,  and  modern  ideas 
in  geometry  being  the  courses  from  which  selections  are  most  fre- 
quently made.  My  recommendation  is  that  every  student  shall 
take  as  much  work  as  ix)ssible  in  pure  mathematics,  consistent 
with  the  other  important  demands  uix)n  his  time.  Of  these  de- 
mands one  is  that  of  applied  mathematics.  1  am  urging  more 
and  more  strongly  that  our  students  should  take  courses  in  gen- 
eral applications  (and  we  have  recently  established  such  a  special 
course  for  teachers),  in  mathematics  and  in  astronomy.  Any  other 
[)lan  would  fail  to  give  that  balance  between  pure  and  applied 
mathematics  which  is  necessary  to  the  making  of  a  teacher  who 
would  show  the  practical  uses  of  the  subjects  which  he  treats. 

Secondly,  what  professional  courses  docs  he  need?  In  the  first 
place  he  should  know  how  mathematics  has  grown  up.  Ignorance 
of  this  fact  would  tend  to  make  him  unpnigresslve ;  he  would  look 
upon  mathematics  as  a  fixed  science,  undevcloping  and  undevel- 
opable. This  is  the  attitude  of  mind  of  the  majority  of  teachers 
today.  Against  any  proixised  change  they  invoke  the  fetish  of 
**  mental  discipline,"  believing,  with  an  ignorance  fostered  by  in- 
dolence of  mind,  that  what  has  been  g(x)d  enough  for  the  past 
should  be  sufficient  for  the  present.  Hence  at  least  one  year's 
work  in  the  history  of  mathematics  is  demanded  of  all  of  my  stu- 
dents, and  a  second  year's  work  is  advised,  and  I  know  of  no 
better  stimulus  than  this  for  the  ai)preciation  of  a  purely  pro- 
fessional course.  To  know  how  elementary  geometry  has  been 
crystallized  in  its  present  form,  is  almost  a  sine  qua  non  to  intel- 
ligently considering  any  fjuestion  of  the  reform  of  the  subject; 
to  know  the  early  geometric  metho<ls  of  solving  e(|uations  is  neces- 
sary if  one  would  appreciate  several  improvements  in  teaching 
which  are  now  being  advocated ;  and  to  know  the  early  story  of 
the  calculus  is  equally  imi)ortant  if  we  would  ^rescue  the  subject 
from  its  present  unhappy  status.  11icse  are  but  a  few  illustrations 
of  the  innumerable  lessons  which  history  has  for  the  teaching 
(not  to  speak  of  the  (levelo])ing)  of  the  subject. 

And  finally,  after  the  student  knows  the  science,  its  history  and 
its  applications,  at  least  one  year  of  professional  training  in  the 
teaching  of  mathematics  is  necessary.     In  this  the  successes  and 
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failures  of  the  masters  should  be  made  known  to  him,  encourag- 
ing him  to  do  better  work,  and  warning  him  against  well  recog- 
nized dangers.  He  should  get.  what  so  few  teachers  have,  and 
what  mere  academic  instruction  does  not  bring,  a  knowledge  of 
a  teacher's  library,  of  the  world's  best  textbooks,  and  of  the  litera- 
ture which  appeals  to  the  pupil.  Tlierc  should  also  be  brought 
!)efore  him  the  best  methods  of  treating  typical  chapters,  the  pos- 
sibility of  improving  the  sequence,  and  the  important  question  of  the 
interrelationship  of  the  branches  of  mathematics  and  of  their  con- 
tact with  the  other  sciences  and  with  the  life  about  us.  If  we  are 
to  effect  the  reformation  in  algebra  that  has  been  effected  in  arith- 
metic, if  we  are  to  vitalize  our  applications  of  equations,  if  we 
are  to  modernize  our  geometry  along  the  recent  French  lines,  if 
we  are  to  put  trigonometry  where  it  belongs  and  teach  it  as  some- 
thing to  be  used,  and  if  we  are  to  work  out  the  varicnis  other 
problems  of  similar  nature  that  are  at  this  time  pressing  uix>n  us 
for  solution,  it  will  be  possible  largely  through  the  efforts  and 
cooperation  of  that  earnest  body  of  workers  which  is  constantly 
increasing  by  the  advent  of  college  graduates  with  a  broad  pro- 
fessional training.  For  such  a  body  of  workers  the  school  has 
gieat  need.  Never  has  there  been  such  a  seething  period  in  the 
educational  world.  The  questions  of  the  improvement  of  the  teach- 
ing of  mathematics  are  no  longer  local,  no  longer  national ;  a 
reform  in  Italy  is  known  at  once  in  America,  in  New  Zealand, 
and  in  that  eastern  island  empire  whose  recent  success  in  the  field 
of  battle  and  on  the  seas  is  paralleled  by  its  advancement  in  edu- 
cation as  well.  To  keep  pace  with  other  countries,  to  take  what 
we  can  use  and  reject  what  is  not  suited  to  our  needs,  and  to  keep 
])ace  with  the  demands  of  science,  of  engineering,  of  commerce, 
of  lalx^r  and  of  finance  —  all  this  lays  heavy  demands  upon  the 
^ild  of  mathematics  teachers,  and  the  proper  training  of  appren- 
tices who  would  enter  that  ancient  and  honorable  order  may  well 
command  the  interest  and  the  thoughtful  cooi)eration  of  an  asso- 
ciation with  the  ideals  this  one  so  carefullv  guards. 


1 
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What  I  have  to  say  about  science  teaching  is,  as  the  title  clearly 
states,  the  a>nlribution  of  one  whose  duties  do  not  lead  to  direct 
personal  acquaintance  with  the  process  of  teaching  physics  or  chem- 
istry or  biology,  of  one  who  can  speak  only  as  an  outsider.  1  trust 
that  great  interest  in  the  teaching  of  science,  a  sure  conviction  of 
its  importance  in  schools,  some  study  of  the  ai)plication  of  general 
principles  of  education  to  the  aims  and  methods  of  teaching  of 
science,  and  the  fact  of  being  a  student  and  teacher  of  one  of  the 
other  sciences,  may  be  accepted  in  lieu  of  specific  expert  knowledge. 

To  such  an  outsider,  interested  i)rimarily  in  science  teaching  as 
one  fraction  of  our  total  educational  endeavor,  it  is  easiest  to  think 
of  it  according  to  the  ways  it  fulfils  the  three  functions  of  utility, 
discipline  and  culture.  I  hope  to  present  facts  concerning  each  of 
these  three  functions  which  will  not  be  wholly  trite  and  which 
may  be  deserving  of  serious  thought.  It  would  obviously  be  ridic- 
ulous to  attem])t  any  ade(]uate  or  balanced  discussion.  A  series  of 
statements  of  facts  which  you,  just  because  you  are  specialists  in 
teaching  physics  or  chemistry  or  biok)gy,  may  have  overlooked  and 
which  I  have,  in  some  semipsychological  studies  of  education,  been 
particularly  attentive  to,  will  be  much  more  profitable. 

It  is  fashionable  for  those  who  s])eculate  alx)Ut  education  and 
to  a  less  degree  for  those  who  actually  teach,  to  decry  utility  as 
an  end  of  the  study  of  science  in  the  lower  schools.  At  the  very 
same  time  in  the  higher  schcx^ls,  in  our  university  courses  in  chem- 
istry, in  our  medical  school  courses  in  physiology,  in  our  engineer- 
ing school  courses  in  physics,  we  frankly  admit  the  value  of  so 
teaching  science  that  the  student  may  have  greater  productive  power 
fis  a  worker.  Moreover  in  the  lower  schools,  although  we  might 
be  ashamed  to  teach  ])hysics  so  that  the  boy  or  girl  wouhl  be  by 
it  better  fitted  for  the  semiscientific  trades  and  industries,  we  in- 
consistently make  the  pre])aration  for  the  utility  courses  of  the  col- 
lege, technical  and  ])rofcssIonal  schools  a  main  feature  of  the  work. 
Now  the  fact  which  you  are  likely  to  forget  is  that  the  high  school 
is  far  more  fref|uently  a  school  pre]>aratory  for  life  than  a  school 
preparatory  for  later  schools.  (  )f  the  students  in  a  first  year  high 
school  course  in  ])hysics  or  chemistry,  for  instance,  not  5  in  to 
are  to  be  prepared  for  any  further  work  in  science  at  all,  for  not 
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5  in  lo  will  ever  take  another  course  in  science.  Hardly  more 
than  I  to  lo  are  to  be  prepared  for  college  or  other  higher  insti- 
tutions, for  the  good  and  sufficient  reason  that  they  won't  go  to 
any  such.  Only  i  in  4  will  even  stay  through  to  the  fourth 
}ear  of  high  school.  Not  i  in  200  is  to  be  prepared  to  become 
a  scientist.  But  they  are  all  to  be  prepared  to  live.  The  science 
useful  to  a  parent,  the  science  useful  to  a  citizen,  the  science 
useful  to  a  housekeejKT,  the  science  useful  to  a  worker  in  busi- 
ness or  technical  industry  —  any  one  of  these  is  a  more  important 
topic  to  you  than  the  science  useful  for  college  entrance. 

The  watchword  of  high  school  education  for  the  last  half  cen- 
tury has  been  mental  discipline.  Realizing  the  meagerness  and 
inappropriateness  of  the  culture  given  by  the  linguistic  and  mathe- 
uiatical  gymnastics,  their  advocates  were  fond  of  asserting  that 
they  in  mysterious  ways  taught  the  mind  to  think  better  and  act 
more  wisely  in  any  of  life's  problems.  Though  you  forgot  what 
yeu  learned  your  memc^y  had  been  strengthened ;  though  you 
lost  all  interest,  your  will  |^)wer  had  been  increased ;  though  ypu 
never  utilized  your  conclusions,  you  had  learned  to  reason.  Science 
teachers  in  self-defense  stole  the  enemy's  thunder  and  declared 
that  science,  t(30,  was  to  be  taught,  not  for  the  information,  but 
for  the  discipline  which  it  gave.  It  became  fashionable  to  assign 
a  relatively  small  value  to  accpiaintance  with  the  facts  and  laws 
of  science,  and  to  direct  teaching  to  habits  of  accuracy  in  observing 
and  recording  j)henomena.  As  a  conseciuence  courses  were  occa- 
sionally designed  which  were  nearly  as  barren  of  any  important 
knowledge  as  the  traditional  exercises  of  the  first  year  Latin  book. 
Wires  were  measured  whose  lengths  meant  nothing  of  conse- 
(juence  to  any  one;  thermometers  were  read  for  no  purpose  except 
tr)  read  them;  trivial  details  of  animal  structure  were  painfully  ex- 
amined and  elaborately  drawn  for  observation's  sake  alonc- 

The  unfortunate  thing  alxmt  such  practice  is  that  such  a  seeking 
to  save  the  disciplinary  value  of  science  is  i)recisely  the  way  to 
lose  it.  The  investigations  of  the  influence  of  any  form  of  special 
training  in  giving  general  ability,  show  that  improvement  due  to 
practice  with  one  set  of  (lata  is  confined  rather  closelv  to  those 
data  and  that  the  more  s])ecialized  the  data  are,  the  more  remote 
from  and  unlike  the  ordinary  situations  of  life  thev  are,  the  less 
will  tlu"  improvement  spread  b/cyond  them.  Even  for  disciplinary- 
value  alone,  the  study  of  important  facts,  general  laws,  the  real 
^tiilT  of  scientific  truth  is  far  better  than  the  study  (^f  trivial  feat- 
ures of  natural  objects,  be  that  study  never  so  refined  in  its  methods. 
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Moreover,  the  whole  notion  of  mental  discipline  in.  science  study 
and  elsewhere  needs  revision.  The  traditional  notion,  or  supersti- 
tion, that  doing  one  thing  well  in  some  suhtle  way  makes  one  able 
to  do  everything  else  much  better  is  certainly  false.  Any  method 
of  teaching  which  ha8  no  other  raison  d'etre  than  its  supposed 
disciplinary  effect  is  almost  surely  questionable.  One  special  study 
fits  for  all  life  in  proportion  as  it  fits  one  to  handle  certain  data 
which  recur  again  and  again  in  life  and  in  proportion  as  it  develops 
ideas  and  ideals  of  method  which  are  applicable  over  wide  areas 
of  life.  From  the  disciplinary  point  of  view  the  business  of  science 
teaching  is  to  select  for  study  those  aspects  of  experience  which 
are  freqijent  *  elements  in  life's  problems  and  to  arouse  in  one  or 
more  fields  of  experience  and  apply  to  many  more  the  ideals  of 
open  mindedness,  of  observation  of  actual  facts,  and  of  constant 
verification  by  facts  which  are  the  essence  of  science.  To  prose- 
cute this  business  most  successfully  one  needs  to  seek,  not  to  avoid 
solid  scientific  information.  We  should  not  experiment  and  verify 
for  the  sake  of  experimenting  any  more  than  we  should  read 
Shakspcre  or  the  Bible  for  the  sake  of  learning  how  to  read. 

The  distinguishing  feature  of  scientific  teaching,  and  the  feature 
on  which  you  justly  congratulate  yourselves,  is  the  limitation  of 
work  with  words  in  b(x>ks  and  the  addition  of  work  with  real  things 
m  museums  and  laboratories.  The  progress  of  science  in  and  out 
of  schools  has  been  on  a  road  leading  away  from  bm>ks.  Progress 
along  this  road  will  and  should  continue  and  increase.  lUit  to  an 
outsider  at  least  some  teachers  of  science  seem  to  miss  the  real 
justification  of  laboratory  v/ork.  You  will  agree,  \  am  sure,  that 
the  value  of  lal)oratory  work  is  chiefly  that  the  student  must  learn 
realities  if  he  learns  at  all,  and  must  or  at  least  may  verify  results, 
whereas  lessons  from  lxK)ks  may  issue  in  nothing  but  words  aitd 
discourage  verification.  A  less  but  still  a  high  value  attaches  to 
the  personal  contact  with  a  variety  of  practical  i)roblems  in  manag- 
ing time  and  effort  in  the  independent  conduct  of  experiments.  It 
is  not  simply  being  in  a  room  with  tables  and  fingering  apparatus 
instead  of  l)eing  in  a  rocjm  with  desks  and  thumbing  books.  Com- 
plicatetl  ap])aratus  may  conceal  reality  (juite  as  successfully  as 
words  do.  Washing  test  tubes  is  no  more  scientific  than  turning 
leaves.  r>rass  and  glass,  rublx'r  tubes  and  iron  clam]xs  need  be  no 
more  educative  than  ink  and  pa])er.  A  drawing  may  exj^ress  less 
than  an  oral   recitation.      A   laboratory   is  not  a  place  where  you 
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spend  two  hours  of  manual  lalx)r  to  find  out  something  you  could 
learn  better  in  two  minutes'  reading.  To  have  students  manipulate 
instruments  for  the  sake  of  manipulation  is  like  making  English 
composition  a  series  of  exercises  in  penmanship. 

Any  laboratory  is  well  conducted  which  teaches  students  the  real 
facts  of  the  world  of  nature  and  forms  the  habits  of  verifying  one's 
notions  about  them  by  experiment.  No  teacher  need  feel  tliat  his 
laboratory  instruction  is  in  any  way  weak,  so  long  as  his  students 
learn  science  and  answer  proper  questions  correctly  by  themselves 
exjx'rimentiHg  and  verifying.  Conversely  no  array  of  instru- 
ments and  notebooks,  and  no  perfection  of  organization  can  be  sat- 
isfactory if  the  students  are  not  made  thereby  to  know  science  and 
to  be  scientific. 

I  referred  a  few  moments  ago  to  the  fact  that  in  our  exi)erimental 
studies  of  training  in  observation  and  inference  we  find  as  a  rule 
that  the  more  valuable  the  content,  the  stuff  observed,  the  infer- 
ences drawn,  the  greater  is  the  discii)linary  value  also.  I  venture, 
with  less^  assurance,  the  corollary  that  the  efficiency  of  that  obser- 
vation itself  is  as  much  a  function  of  correct  knowledge  about 
nature  as  of  a  habit  of  direct  observation  of  objects.  No  matter 
how  interested  and  impartial  a  student  is,  he  can  not  make  fully 
successful  observations  of  diseased  throats  unless  he  knows  that 
the  Klebs-LoefFler  bacillus  is  the  cause  of  diphtheria,  that  mem- 
branous croup  is  diphtheria,  and  that  certain  facts  are  the  charac- 
teristics of  that  bacillus.  It  is  not  only  an  exi)erienced  and  just 
and  exact  eye  that  an  observer  of  the  solar  system  needs,  but  also 
information  about  the  spectrosco])e.  A  careless  and  absent-minded 
man  who  knows  the  facts  of  organic  ev^olution,  Mendel's  law,  and 
the  theory  of  measurements  of  variable  phenomena,  may  do  better 
in  observations  of  heredity  than  a  very  cautious  and  skilleJ  recorder 
of  shape  and  color  of  Lamarck's  day  could  do.  It  has  been  a  silly 
fashion  in  pedagogy  that  has  decried  new  knowledge.  The  weak- 
nesses and  errors  which  have  been  laid  at  its  door  are  almost  with- 
out exception  such  as  belong  only  to  knowledge  of  words.  Knowl- 
edge of  things,  or  reality,  is  always  harmless.  It  is  of  enormous 
value  when  used  by  an  intellect  of  first-rate  capacity.  It  is  the 
oseiitial  gift  of  education  just  as  capacity  is  the  essential  gift  of 
nature. 

The  most  ini|>ortant  di.sciplinary  effect  of  science  teacbing  is  the 

hahil   of   verification.      This    is    something    which    science    teaching 

can   i^ive.  which  is  unlikely  tr)  come  in  any  other  wav,  and  which 

lay  transform  a  student  from  a  stupid  or  clever  S(jurce  of  gnesse? 


1906]  SCIENCE  TEACHING  SEEN  FROM  THE  OUTSIDE  73 

into  a  successful  thinker.  Nature,  even  to  the  intellects  of  high 
capacity,  rarely  gives  more  than  the  capacity  to  get  such  ideas  as 
the  physical  and  social  environment  offers  and  to  eliminate  from 
influence  on  practice  those  ideas  which  t(X>  violently  injure  the  indi- 
vidual and  the  species.  Its  progress  in  the  latter  action  is  ex- 
cessively slow.  The  mere  function  of  having  ideas  puts  man  so 
far  superior  to  other  s|)ecics  that  he  has  become  almost  invincible 
even  though  bearing  an  enormous  burden  of  ignorance,  su])ersition 
and  folly.  Human  reason,  though  used,  as  Professor  Cattell  has 
said  it  still  is,  in  much  the  same  aimless  manner  as  a  child  uses  a 
toy,  is  sufficient  to  maintain  human  supremacy. 

This  slow  and  limited  advance  by  natural  selection  can  l)e  accel- 
erated by  an  artificial  selection  for  preservation  of  only  those  ideas 
which  corres|X)nd  to  reality,  which  correctly  prophesy  the  future, 
which  are  verifiable  by  fact.  The  goal  of  mental  evolution  can  be 
made  infallible  insight  into  and  ci)ntrol  over  nature  and  ourselves, 
instead  of  merely  enough  wisdom  to  keej)  us  alive.  Every  parasite 
and  bacterium  can  be  exterminated  from  the  world  as  fully  as 
wolves  have  been  from  W'estcliester  county,  or  domesticated  to 
human  service  as  the  sheep  or  cow. 

It  may  seem  as  if  thought  could  be  sufficiently  well  guided  in 
the  making,  as  if  we  could  so  arrange  circumstances  that  we  could 
know  beforehand  that  the  ct)nckisions  would  l)e  true,  as  if  by  the 
control  of  observation  and  inference,  the  right  variations  in  thought 
could  be  surely  created,  with  no  need  for  selection  among  them  by 
verification.  But  in  point  of  fact,  as  the  cx])erience  of  the  world 
of  thought  inside  and  outside  of  school  shows,  we  make  less  progress 
by  directing  thought  beforehand  by  sufficiently  proper  methods  than 
by  correcting  it  afterward  by  its  adaptation  to  reality.  Botli  logic 
and  exi)erimental  verification  are  necessary.  As  in  nature,  we  must 
not  only  stimulate  variations  in  certain  desired  directions  but  also 
select  rigidly  those  which  turn  out  to  actually  be  in  that  direction. 

Indeed,  the  highest  duty  of  science  teaching  is  to  show  the 
possibility  of  verifying  by  observation  and  experiment  any  notion 
concerning  any  matter  of  fact,  the  student  really  doing  it 
in  cases  where  it  is  ])raclicable.  to  enforce  the  rationality  and 
morality  and  practical  need  of  it,  and  to  encourage  that  holy  im- 
patience with  any  unverified  ideas  which  is  the  s|)ecific  distinction 
of  the  scientific  mind. 

The  practical  consequence  of  my  enlogv  of  verification  is  of  course 
that  in  all  science  teaching  we  should  rennt  somewhat  of  our  elab- 
orate arrangements  to  control  the  pnxx^ss  of  getting  ideas  and  use 
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the  lime  and  energy  thus  saved  to  insure  that  the  ideas  be  more 
often  verified.  Are  we  not  perhaps  too  afraid  that  the  student  of 
chemistry  will  get  his  ideas  from  books  or  from  us  instead  of  from 
his  laboratory  experiments^?  I  confess  that  to  my  mind  an  idea 
learned  from  a  book  but  tested  by  an  experiment  is  better  than 
an  idea  learned  from  an  ex|>erinient  but  left  unverified.  There  is 
indeed  a  very  strong  argument  to  be  made  for  opening  every  door 
to  knowledge,  even  to  decent  guesses,  as  wide  as  ix)ssible,  provided 
only  the  knowledge  or  guess  be  sooner  or  later  tested  by  the  student 
in  every  practicable  case. 

There  is  probably  no  need  for  me  to  make  any  comments  on  the 
cultural  side  of  science  teaching.  I  venture,  however,  to  encourage 
the  faith  which  I  trust  each  of  you  jx>ssesses  that  in  the  intellectual 
heritage  which  the  past  gives  to  the  present,  the  share  of  science 
is  the  largest  and  also  the  best.  The  trade  of  poet  or  scholar  or 
literary  man  or  painter  is  no  more  happy  or  intellectual  or  noble 
than  that  of  scientist.  No  human  want  is  higher  than  the  want  for 
truths.  No  human  act  i»  better  than  the  search  for  insight  into 
nature  whereby  it  is  controlled  for  the  welfare  of  men. 

The  study  of  human  life  in  literature  and  history  and  of  the 
great  ideas  of  the  past  concerning  our  nature  and  duty  and  destiny 
may  be  in  its  tojMc  a  more  imixirtant  contributor  to  culture  than 
the  study  of  the  physical  world,  but  in  its  methods  it  is  less  so. 
Moreover,  in  proportion  as  the  methods  of  science  are  applied  to 
the  problems  of  human  behavior,  the  so  called  humanities  will  become 
science  and  their  culture  value  will  increase.  It  is  not  the  fiction 
in  literature  and  history  that  is  cultural,  but  the  truth.  The  culture 
which  is  needed  in  modern  life  concerns  only  the  truth,  the  truth 
concerning  man  and  his  social  relations  as  well  as  the  truth  con- 
cerning his  physical  surroundings,  the  truth  discernetl  by  the  wise 
of  all  ages  as  well  as  the  truth  newly  achieved  in  our  laboratories, 
but  always  the  truth.  This  culture,  found  in  the  study  of  the 
sciences  of  nature  and  of  man,  it  is  the  function  of  die  teacher  of 
science  to  give.     - 
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Thursday  morning,  December  27 

Section  A  —  THYSICS  AND  CHEMISTRY 

THE    NEW   MOVEMENT   FOR   THE   REFORM   OF  PHYSICS  TEACHING   IN   GER- 
MANY,  FRANCE  AND  AMERICA 

BY   C.   R.    MANN,   UNIVERSITY  OF  CHICAGO 

One  of  the  most  inii)ortant,  promising  and  inspiring  features  of 
the  present  educational  turmoil  is  the  agitation  that  centers  about 
the  teaching  of  science.  The  imiwrtance  of  this  agitation  Hes  in 
the  fact  that  many  of  those  echicators,  who  have  studied  the  whole 
educational  situation  most  deeply,  have  concluded  that  present  con- 
ditions offer  a  problem  whose  solution  will  not  be  finally  reached, 
until  science  has  been  placed  in  the  central  position  which  she  is 
certain  to  occupy  sooner  or  later  in  the  educational  system. 

The  promising  part  of  this  agitation  appears  when  we  consider 
that  the  latent  ix)wers  of  science  as  a  means  of  educating  men  in 
their  modern  scientific  environment  have  not  been  hitherto  fully 
recognized,  much  less  realiz.ed  in  practice. 

The  inspiration  in  the  present  situation  is  derived  from  the  com- 
bination of  the  conditions  just  set  forth:  for  since  education  is 
famishing  for  the  fruits  of  a  new  method  of  teaching  science,  and 
since  science  offers  a  most  fertile,  though  uncultivated,  vineyard 
in  which  such  fruits  may  be  grown,  is  there  any  teacher  among  us 
who  is  not  inspired  to  enter  into  this  vineyard  at  this  dawning  of 
the  new  day,  and  to  labor  diligently  for  the  production  of  the  fruits 
thereof  ? 

If  those  of  us  who  elect  to  enter  this  tempting  vineyard  to  toil 
for  the  production  of  the  new  fruits  would  have  our  efforts  rewarded 
with  a  rich  and  plentiful  cro]),  we  must  at  the  outset  recognize  the 
fact  that  new  methods  of  luishandry  are  <lemanded  !)y  the  new  con- 
ditions under  which  we  work.  W'e  must  comprehend  at  the  very 
start  that  these  new  fruits  will  not  grow,  as  the  older  ones  i\h\,  in 
a  soil  that  has  been  fertilize<l  with  the  hones  of  dogmatism  and  of 
memory  drill,  l^'or,  just  as  science  itself  could  not  grow  as  long 
as  the  I.uiro])can  mind  was  ster])ed  in  a  reverence  for  r)pinions  and 
for  authority,  so  science  teaching  can  not  develop  effectively  if  it 
follows  didactic  and  authoritative  methods. 

This  fundamentally  im])«)rtant  distinction  may,  ])er]iai)S,  become 
clearer  if  illustrated  by  an  exam])le  taken  from  that  a<lmirable  little 
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book  by  Mrs  M.  E.  J>oole,  on   The  Preparation  of  the  Child  for 
Seience  [Oxford,  Clarendon  Press].     We  there  read  [p.  22 J  : 

In  classical  learning  it  is  eminently  desirable  to  secure  that  the 
right  impression  shall  be  made  from  the  first ;  that  wrong  impres- 
sions shall  have  as  little  time  as  possible  to  deepen  themselves.  We 
wish  the  child's  eye  and  ear  to  become  accustomed  from  the  first  to 
welcome  the  right  and  reject  the  wrong:  we  do  not  wish  him  to 
gain  the  habit  of  tolerating  wrong  impressions.  If  the  child  uses 
the  nominative  where  he  should  use  the  accusative,  and  is  not  at 
once  corrected)  that  is  so  much  to  the  bad  for  his  future  progress ; 
if  he  can  be  got  not  to  be  able  to  remember  a  time  when  he  used 
the  word  wTongly,  that  is  so  much  to  the  goo<i.  But  in  science 
there  are,  there  can  be,  no  absolutely  right  impressions ;  our  minds 
are  not  big  enough  to  grasp  any  natural  fact  as  a  whole ;  everything 
depends  upon  drawing  right  conclusions  from  combinations  of  im- 
pressions, each  of  which  is  in  itself  inadequate  and  partially  mis- 
leading; and  if  the  pupil  is  to  be  got  into  scientific  methods,  that  is 
what  he  must  be  trained  to  do.  In  order  that  he  may  learn  to  do  it, 
it  is  sometimes  necessary  that  a  succession  of  **  wrong  **  impressions 
should  have  time  to  register  itself  on  the  brain  and  become  part  of 
its  available  stock.  Such  a  statement  may  naturally  convey  to  the 
scholastic  mind  trained  in  classic  traditions  an  impression  of  dis- 
orderliness,  but  it  does  not  imply  disorder.  Up  to  datencss  is  the 
cause  of  disorder ;  the  haste,  the  greed,  to  efface  rapidly  each  partial 
impression,  when  we  have  nothing  to  substitute  for  it  but  some 
other  impression  equally  partial,  is  not  only  unscientific,  but  emi- 
nently disorderly. 

In  the  light  of  these  remarks  it  is  easy  enougii  to  understand  why 
we  have  attempted  in  the  past  to  teach  science  dogmatically.  Langu- 
ages and  mathematics  and  history  were  so  taught :  languages  and 
mathematics  and  history  were  the  only  subjects  in  the  curriculum; 
therefore,  all  things  should  be  so  taught.  When  we  science  teachers 
ourselves  came  to  teach,  the  habit  was  u])on  us.  and  so  we  taught 
that  way  by  habit. 

I'nder  such  conditions  we  can  not  blame  the  jniblic  for  still  clinging 
to  the  old  conception  that  the  classical  education  was  and  is  tlie  only 
broadening  one.  Those  methods  of  teaching  were  suited  to  the 
classics ;  for  the  sciences,  those  methods  were  and  arc  an  alK)nnnablc 
misfit.  So  it  is  not  surprising  that  the  results  obtained  when  those 
methods  were  ap])lie(l  to  the  teacliing  of  science  wore  and  are  and 
always  will  he  highly  unsatisfactory.  I'ntil  we  learn  that  science 
is  nr)t  classified  knowledge  —  a  thing  to  he  learned  by  memory  — 
but  rather,  that  science  is  t]ie  classification  of  knowledge,  a  living 
pr<>coss  that  can  only  be  mastered  by  constant,  careful,  and  watchful 
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exercise  in  its  use,  we  can  not  exi)ect  that  the  teaching  of  science 
will  advance  into  the  prominent  position  that  is  now  awaiting  it  in 
the  educational  world. 

Nor  is  the  day  far  distant  when  science  will  enter  into  her 
heritage.  For  the  past  «ix  or  eight  years  she  has  heen  gradually 
waking  up  to  her  opportunities.  This  awakening  has  not  been 
confined  to  any  one  limited  locality,  but  has  been  taking  place 
simultaneously  in  Germany,  France,  and  America.  It  is  the  pur- 
pose of  this  discussion  to  call  attention  to  the  signs  of  this  awakening 
as  manifested  in  reference  to  the  subject  of  physics  in  these  three 
countries.  As  wej)roceed,  it  will  apjM}ar  that,  although  the  course 
followed  by  this  agitation  in  each  of  these  countries  has  differed  in 
detail  from  those  follow^ed  in  the  others,  yet  the  fundamental  prin- 
ciples that  have  guided  all  three  are  the  same;  namely,  those  diat 
have  been  explained  just  now  in  their  general  outline. 

In  Germany  the  reform  movement  began  formally  on  November 
26,  1900,  when  the  minister  of  education,  with  the  approval  of  the 
Emperor,  decreed  that  henceforth  the  schooling  given  in  each  of 
the  three  types  of  German  secondary  sch(X)l  should  be  recognizeil 
as  of  equal  educational  value  by  the  government.  The  courses  in 
these  three  types  of  school  corresjx)nd  roughly  to  those  that  lead  in 
this  country  to  the  degrees  of  H.  A.,  Ph.  I>.,  and  B.  S.  respectively. 
This  decree  of  the  German  government  had  the  effect  of  effacing,  at 
least  officially,  that  subtile  and  elusive  sentiment  which  clings  to 
the  classical  course  as  the  only  means  of  securing  a  really  broad 
and  cultural  training. 

The  first  feelings  aroused  by  this  edict  among  the  German  teach- 
ers of  science  seem  to  an  outsider  to  have  been  those  of  surprise 
mingled  with  delight.  At  any  rate,  these  teachers  at  once  began  to 
look  about  them  to  see  if  it  were  really  true  that  science  had  the 
power  of  giving  an  education  that  was  truly  cultural.  The  first 
active  movement  on  the  part  of  the  scientists  came  from  the  bio- 
logists, who,  at  a  meeting  of  the  German  Association  of  Natural 
Scientists  and  Physicians,  held  at  Hamburg  in  i(pi,  brought  for- 
ward a  set  of  tlicscs  in  which  were  enunciated  the  principles  whose 
application  would  i)lace  the  teaching  of  science  in  the  i)osition 
accorded  it  by  the  imperial  decree.  Tliese  theses  are  now  known 
as  the  Hamburg  tlieses.  They  were  wi<lely  circulated  among  science 
teachers  in  (ierniany,  received  the  written  ap])n)val  of  some  800 
of  these  teachers,  and  were  formally  unanimously  a])pr()ve(l  bv  the 
association  at  its  meeting  in  k/W 
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The  first  five  of  these  theses  set  forth  the  fundamental  principles 
of  the  new  method  of  science  teaching  —  the  method  that  is  to  give 
to  the  teaching  of  science  its  cultural  value.  They  were  written  to 
meet  the  sjx^cial  case  of  biology,  but  apply  equally  well  to  all  tlie 
sciences.  When  worded  so  as  to  include  the  other  sciences  as  well 
as  biology  these  theses  read : 

1  Natural  science  is  founded  on  experience,  and  it  extends  to  the 
limits  of  our  cognition  of  natural  phenomena,  but  no  further.  As 
science,  it  is  not  rcsix)nsible  for  metaphysical  sjx^culation  and  believes 
that  such  speculation  has  no  place  in  the  secondary  schools. 

2  Formally,  instruction  in  the  natural  sciences  is  a  necessary  com- 
plement of  the  abstract  subjects.  In  particular*  science  teaches  the 
art,  otherwise  so  neglected,  of  observing  concrete  objects  in  process 
of  continual  change,  and  proceeds  inductively  from  these  obser\'a- 

'  tions  of  properties  and  processes  to  the  logical  formation  of  concepts. 

3  As  to  content,  instruction  in  the  natural  sciences  should  make 
the  growing  youth  familiar  with  the  most  essential  and  typical  pro- 
cesses in  the  world  about  him,  should  descrilK*  the  ])henomena  of  life 
in  their  complexity,  should  make  clear  the  relations  of  inorganic  and 
organic  nature  to  each  other  and  to  man,  and  should  give  a  summary 
of  the  most  important  periods  of  the  history  of  science. 

4  Ethically,  a  study  of  tiie  natural  sciences  sliould  awaken  a 
res])ect  for  the  creations  of  the  world  about  him  —  a  perception  of 
the  beauty  and  the  completeness  of  nature  as  a  whole,  and  thus 
should  become  a  source  of  pure  delight,  untouched  by  the  practical 
interests  of  life.  At  the  same  time  the  occui)ation  with  the  phen- 
omena of  living  nature  should  lead  to  a  conception  of  the  limitations 
of  human  knowledge  and  to  a  simple  modesty. 

5  Such  a  knowledge  of  the  world  about  him  must  Ix?  regarded 
as  an  essential  part  of  the  culture  which  the  times  demand :  it  is 
not  only  useful  to  the  future  scientist  or  physician  by  making  his 
entrance  into  his  profession  easier ;  but  also,  in  like  manner,  it  is 
useful  to  those  graduates  of  the  secondary  sch(H)ls  whose  later  work 
does  not  directly  require  a  study  of  nature. 

Would  that  there  wi're  time  for  a  ffill  discussion  of  these  theses* 
Since  they  contain  the  essence  of  the  new  method  of  teaching  science, 
they  should  Ix'  studied  carefully  and  j^ondered  well  by  everv  one  who 
wi>]ies  to  bring  his  teaching  intr>  line  with  the  new  movement.  But 
wc  must  ])roceed.  The  ado] >t ion  of  these  theses  in  Kp:^  led  to  a 
full  discussion  of  the  subject  at  the  next  meeting  of  tlie  Onnan 
Association  of  Xatural  .Scientists  and  Physicians  in  iireslau  in  1904. 
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As  a  result  of  this  discussion  a  commission  consisting  of  12  mem- 
bers was  appointed  to  consider  what  mij^ht  Ixi  done  to  brinj^  about 
practically  the  desired  results.  This  commission  began  its  work  in 
December,  1904,  and  has  issued  two  reix)rts. 

The  first  of  these  reports  was  presented  to  the  Association  of 
Natural  Scientists  and  Physicians  at  its  meeting  in  Meran  in  Sep- 
tember, 1905.  This  reiK)rt  is  worthy  of  extensive  study  even  here 
in  America.  An  English  translation  of  it  is  being  prepared  and 
will,  it  is  hoixnl,  soon  be  ready  for  publication.  The  first  part  of 
the  report  deals  with  general  conditions.  It  first  explains  how  the 
commission  has  endeavored  by  widespread  distribution  of  its  docu-  - 
ments  to  obtain  as  broad  a  discussion  of  the  principles  involved, 
and  also  to  gain  as  much  support  for  those  j)rinciples  as  was  pos- 
sible. It  was  their  aim  to  get  every  individual  to  express  his  opinion 
freely  and  frankly,  and  to  include  in  the  report  only  those  sugges- 
tions on  which  there  was  practical  unanimity  of  opinion. 

Then  follow  three  general  princijjles  which  are  stated  as  the  plat- 
form of  the  commission.     These  are  : 

1  The  commission  desires  that  the  education  given  in  the 
secondary  schools  be  neither  one-sidedly  historical  and  linguistic 
nor  one-sidedly  mathematical  and  scientific. 

2  The  commission  recognizes  that  mathematics  and  the  natural 
sciences  furnish  educational  material  that  is  fully  e:|iial  in  value  to 
that  furnisheil  by  the  languages.  It  also  adheres  to  the  princii)les 
that  general  culture  is  the  s]H'cific  aim  of  the  secondary  school. 

3  The  comnn'ssion  declares  that  the  enjoyment  in  fact  of  ecjual 
rights  by  the  three  classes  of  schools  is  absolutely  essential,  and 
wishes  that  this  may  be  com])letely  realized. 

The  remainder  of  the  reiK>rt  is  taken  up  with  a  discussion  of  the 
conditions'of  the  schools  and  with  recommendations  as  to  the  num- 
ber of  hours  to  be  devoted  to  each  science,  together  with  a  recom- 
mended outline  of  each  course  and  of  its  method  of  presentation. 

Several  [x:)ints  in  this  dihcussion  are  wcjrthy  of  particular  notice 
in  passing.  Thus,  difficulties  were  encountered  in  finding  a  sufficient 
number  of  hours  for  the  science  work  in  the  classical  courses,  with- 
out curtailing  those  (levote<l  t<j  ancient  languages.  They  have  as 
yet  been  unable  to  deal  with  this  situation  in  a  manner  satisfactory 
to  themselves.  'I'hey  remark  :  ''  The  commission  stands  firm  in  it-* 
position  that  at  least  as  much  science  stu<ly  as  is  outlined  in  the 
courses  herein  described  is  ahsohitely  indispensable  for  a  complete 
and  well  grounded  understanding  of  our  modern  life."    And  again: 
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**  Since  this  (reduction  of  the  hours  devoted  to  the  classics)  could 
only  be  obtained  by  the  cooperation  of  a  number  of  diflferent  factors, 
the  commission  can  do  nothing  but  emphatically  point  out  the 
existence  of  a  yawning  chasm  in  the  scientific  training  given  by  those 
schools." 

Another  important  point  in  this  rejx)rt  is  that  the  commission 
declares  emphatically  '*  that  an  extensive  freedom  for  the  teacher 
in  selecting  details  both  of  subject-matter  and  of  method  of  presenta- 
tion within  the  outline  of  the  course  is  essential." 

In  the  special  report  of  physics,  the  commission  declares  itself 
in  favor  of  increasing  the  lime  allotted  to  this  subject,  "  in  order 
that  it  may  be  possible  to  attain  fully  the  educational  value  of 
scientific  study,  at  least  in  this  one  branch  of  science."  The  time 
demanded  for  physics  is  three  hours  a  week  for  the  last  five  years 
in  school.  In  comparing  this  time  allowance  with  that  given  in 
America,  we  must  remember  that  these  five  years  would  extend  in 
our  system  about  to  the  end  of  the  sophomore  year  in  college. 

As  to  the  purposes  of  physics  teaching  and  the  methods  of  pre- 
senting the  subject,  the  commission  makes  the  followJn.L^  statement 
[First  Report,  p.  21]  : 

The  instruction  in  physics  should  udi  only  impart  to  the  student 
a  number  of  single  bits  of  information  that  are  ai)])licable  to  his 
life  and  lead  him  to  a  correct  use  of  his  senses  and  ti)  a  true  descri])- 
tion  of  what  he  has  perceived,  but  it  should  also  lead  him  to  gain 
an  insight  into  the  well  ordered  relationships  among  natural  ])he- 
nomena,  and  should  teach  him  to  understand  the  methods  by  which 
such  an  insight  is  obtained.  A  jihysics  teachine  that  has  this  aim 
will  develop  in  the  students,  in  addition,  the  ability  of  forming  apt 
judgments  concerning  real  relationships,  and  will  thus  furnish  an 
intellectual  training  that  can  not  be  re])laced  by  any  other,  no  matter 
what  their  future  life's  work  may  be. 

The  specific  value  of  physics  teaching  for  general  culture  has  for 
a  long  time  been  seriously  impaired  by  the  fact  that  the  subject  has 
been  presented  as  a  mathematical  science.  The  most  important 
reason  for  this  condition  of  affairs  lies  in  the  fact  that  ]:)hysics  itself 
has  always  held  to  the  ideal  of  being  presented  in  deductive  form  in 
the  manner  of  a  mathematical  demonstration.  Tliis  is  particularly 
true  of  the  most  fundamental  |)ortion  of  i)hysics,  namely,  mechanics, 
whose  abilitv  to  be  built  up  on  a  few  axioms  has  been  considered  to 
be  very  much  to  its  advantage.  Also  the  mathematical  fornnilation 
of  numerous  physical  laws  has  helped  to  suoport  this  conception. 
In  addition,  the  tendency  has  been  to  place  the  teachinir  of  ])liysics 
in  the  bands  of  teachers  who  are  ])rimarily  mathematicians;  and 
besides,  in  the  examinations  of  teachers,  until  recently  greater  weight 
has  been  laid  by  the  examining  boards  on  a  knowledge  of  mathe- 
matical physics  than  on  the  experimental  work. 
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In  opposition  to  this  unfortunate  attitude,  a  very  different  idea 
has  recently  heen  gaining  rapidly  in  favor,  and  we  place  this  notion 
as  the  first  fundamental  principle  at  the  beginning  of  our  recom- 
mendations concerning  the  methods  of  teaching  physics.  It  is: 
For  purposes  of  teaching,  physics  must  be  presented  as  a  natural 
science  and  not  as  a  mathematical  science. 

This  principle  implies  that  the  teaching  shall,  as  far  as  is  at  all 
possible,  begin  with  the  consideration  of  those  processes  that  are 
actually  taking  place  in  nature ;  and  it  must  lead  to  an  understand- 
ing of  the  phenomena  of  the  lifeless  and  living  nature  about  us. 

On  the  other  hand,  an  injury,  no  less  serious  than  that  resulting 
from  a  one-sided  mathematical  presentation,  may  be  done  to  physics 
teaching  by  the  directly  opposite  mistake  of  crowding  aside  the 
thinking  out  and  the  mental  absorption  of  the  subject,  by  the  presen- 
tation of  numerous  brilliant  experiments.  Under  these  conditions 
it  is  hard  to  prevent  the  teaching  from  resulting  in  the  amassing  of 
a  large  number  of  single  bits  of  information,  whose  apparent  sys- 
tematic arrangement  is  no  compensation  for  the  lack  of  inner  unity. 
Hence  the  second   fundamental  general  principle  is  this: 

For  the  purposes  of  teachint^,  physics  must  be  presented  in  such 
a  way  that  it  may  senr  as  a  pattern  of  the  method  by  which 
knowledge  is  acquired  at  all  in  the  domain  of  the  experimental 
sciences.  Physics  is  especially  adapted  to  be  used  for  this  pur|)ose; 
since  it  has  the  advantage  over  the  other  branches  of  instruction, 
because  in  it  application  is  made  of  the  most  exact  methods  of 
acquiring  knowledge  to  the  simi)lest  conceivable  materials. 

From  this  it  follows  that  the  teaching  should  be  done  largely  by 
the  heuristic  method.  The  instruction  should  begin  with  the  con- 
sideration of  such  problems  as  have  already  arisen  in  the  mind  of 
the  child  because  of  his  thoughtful  observation  of  phenomena,  and 
which  apjKar  in  increasing  numlxT  as  the  investigation  j)rogresses. 
The  art  of  the  teacher  will  consist,  for  the  most  part,  in  arranging 
these  problems  in  order,  holding  some  in  the  background  and  bring- 
ing others  t(^  the  front  of  the  discussion,  in  order  that  there  may  Ix? 
uniform  progress  all  the  time  toward  a  more  comprehensive 
knowledge. 

It  is  not  sufficient  that  the  |)upil  see  the  experiments  onlv  at  a 
distance  as  they  are  performed  on  the  lecture  table  in  the  lecture 
room.  ICven  under  the  most  favorable  conditions  it  is  not  possible 
to  obtain  in  this  way  more  than  a  partial  grasp  of  the  pnxresses  il- 
lustrated .  .  .  Hence  to  the  other  principles  we  would  add  a 
third,  namely, 

For  the  development  of  the  pupils  in  physics,  systenuitically  ar- 
ranged exercises  in  personal  observation  and  experimentation  are 
necessary. 

The  remainder  of  the  report  is  taker  up  with  outlines  of  proposed 
courses  in  physics  and  the  other  sciences,  together  with  instructions 
for  the  use-  of  the  outlines.  Vnr  further  information  as  to  the  de- 
tails, the  original  rejKjrt  will  have  to  be  consulted. 


82  NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION        [dEC  2^ 

A  second  report  was  presented  by  the  commission  to  the  (jernian 
Association  of  Natural  Scientists  and  Physicians  at  its 'meeting 
held  in  Stuttgart  in  September  1906.  This  report  has  just  been 
published.  In  it  attention  is  first  of  all  called  to  the  fact  that  the 
reform  for  which  it  is  striving  is  not  a  superficial  change  >vhich 
applies  to  Germany  only.  It  is  shown  to  be  due  to  '*  deeply  flow- 
ing currents  which  have  taken  hold  of  nearly  all  die  cultured  peoples 
in  the  same,  or  in  very  similar  ways  .  .  .  With  the  recognition 
of  the  international  character  of  these  new  eflforts  in  education, 
comes  the  deeper  insight  into  the  magnitude  of  the  questions  that 
have  been  raised  with  regard  to  the  well  being  of  our  entire  nation, 
and  to  its  future,  from  both  the  ideal  and  the  practical  points  of 
view  .  .  .  Recognizing  the  tremendous  difficulty  which  must  be 
overcome  in  carrying  out  all  our  desires,  we  must  say :  *  This  under- 
taking is  both  serious  and  full  of  resix)nsibility  for  those  who  have 
been  called  to  steer  the  ship  of  education,  so  thai  it  may  pass,  without 
injury  to  the  youth  intrusted  to  it,  over  the  dangerous  shoals  and 
past  the  frowning  headlands  on  to  the  safe  harbor  of  a  culture 
suited  to  the  spiritual,  social,  and  physical  education  of  the  present 
day.' " 

The  commission  then  reiterates  its  desire  to  refrain  from  the  dis- 
cussion of  details,  and  of  directing  attention  to  the  broader  problems 
of  science  teaching,  leaving  the  details  to  be  worked  out  by  eacli 
teacher  in  conformity  with  the  conditions  in  which  he  is  placed.  The 
remainder  of  the  report  deals  with  the  conditions  and  the  curriculums 
of  several  other  tyi>cs  of  German  school,  and  works  out  for  them 
the  application  of  the  general  principles  for  which  it  stands. 

It  is  as  yet  too  soon  to  know  what  the  results  of  the  work  i)f  the 
German  commission  will  be.  Certain  it  is,  however,  that  tliey  have 
brought  clearly  and  effectively  before  the  German  school  authorities 
the  necessity  of  certain  fundamental  changes  in  the  methods  of 
teaching  science,  and  have  outlined  the  general  principles  that  must 
guide  them  in  making  those  changes.  They  have  also  shown,  some- 
what in  detail,  how  those  principles  may  be  applied  in  practice.  It 
now  remains  to  be  seen  what  use  the  schools  will  make  of  the 
valuable  suggestions  that  have  been  laid  before  them. 

In  France,  the  course  of  the  reform  movement  has  Ix-en  very 
different.  There  the  government  is  much  more  intimately  connected 
with  the  school  system,  and  so  the  first  official  actions  in  the  move- 
ment came  from  the  ruling  bodies.  Unfortunately  I  have  not  yet 
been  able  to  trace  the  causes  for  these  governmental  decrees  con- 
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cerning  education,  and  lo  find  out  what  the  concHtions  in  the  schools 
were  before  the  issuance  of  these  decrees. 

In  January  1902,  the  French  Minister  of  PuhHc  Instruction  sent 
a  letter  to  the  president  of  an  educational  conuuission  of  the  1^'rench 
Chamber  of  Deputies.  In  this  letter  were  set  forth  at  length  numer- 
ous proposals  for  changes  in  the  national  system  of  education.  The 
suggestions  contained  in  this  letter  were  apjjroved  hy  the  commis- 
sion, and  reiK)rted  to  the  Chamber  of  Deputies.  That  body  api)roved 
the  TQport  of  the  commission  on  the  4th  of  1^'ebruary  1902,  and  the. 
recommendations  of  the  report  were  then  issued  as  a  national  decree 
by  President  Loubet  on  the  31st  of  May  1902. 

The  first  part  of  the  report  of  the  commission  of  the  Chamber  of 
Deputies  deals  with  the  administrative  reorganization  of  the  school 
system.  To  an  outsider,  the  interesting  point  in  this  discussion  is 
the  agreement  to  grant  but  one  bachelor's  degree,  whether  the 
course  pursued  was  the  old  time  classical  course  or  the  modern 
scientific  course.  This  action,  it  will  be  noted,  is  exactly  parallel  to 
that  of  the  German  government  in  recognizing  the  equality  of  the 
three  types  of  German  school. 

Subjoined  to  the  discussion  of  administrative  reorganization,  are 
the  official  programs  of  the  courses.  Physics  a])pears  in  these  pro- 
grams in  the  year  that  corresponds  to  our  first  year  in  the  high 
school.  It  is  recjuired  for  two  hours  a  week  for  two  years,  and  then 
for  three  hours  a  week  for  two  years,  and  finally  for  five  hours  a 
week  for  one  year  in  the  scientific  course.  In  the  classical  course 
it  api)ears  as  a  re(|uirement  of  one  hour  a  week  for  four  years,  ami 
then  three  hours  a  week  for  the  last  year,  which,  as  in  (lermany, 
corresiX)nds  roughly  to  our  sophomore  year  in  college.  Vnr  the 
science  courses  therefore,  the  time  allotted  to  physics  is  the  same 
as  that  in  Germany,  namely  the  etiuivalent  of  fwc  hours  a  week  for 
three  years. 

Since  this  discussion  is  concerned  mainly  with  the  pedagogical 
side  of  the  situation,  we  will  not  stop  to  analyze  the  courses,  but 
merely  note  the  advice  given  to  the  teacher,  as  to  the  methods  of 
presentation.  At  the  end  of  the  program  for  the  first  year's  work 
in  physics  is  given  the  following  general  advice  to  the  teacher: 

The  teaching  of  physics  in  the  first  year  should  be  kept  very 
elementary  and  of  a  practical  nature.  It  must  always  be  founded 
on  experience.  In  his  deni(Hi<trations  the  teacher  should  avoid  as 
much  as  j^ossible  the  use  of  com])licated  aj)paratus:  he  should  on  the 
contrary  endeavc^.r  to  carry  out  his  experiments  with  ordinary  ob- 
jects.    He  should  make  use  of  graphic:il  representations  often;  and 
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he  should  try,  by  means  of  numerical  applications  taken  from  actual, 
real  cases,  to  accustom  the  pupils  to  take  account  of  the  relative 
order  of  magnitude  of  phenomena. 

When  we  come  to  the  third  year  of  the  high  school,  the  advice 
to  the  teacher  is  changed.     In  this  year  he  is  told : 

The  teacher  should  content  himself  with  describing  the  facts  as 
we  know  them  today,  without  paying  too  much  attention  to  the 
historical  order.  He  should  free  his  teaching  from  many  of  the 
antiquities  which  tradition  has  preserved,  such  as  superannuated 
apparatus,  theories  without  interest,  and  calculations  without  reality. 
He  should  not  enter  at  all  on  the  minute  description  of  apparatus, 
nor  on  the  methods  of  using  it.  The  purpose  of  the  course  is  not 
to  make  professional  physicists  of  the  pupils;  but  rather  to  bring 
them  to  recognize  the  larger  laws  of  nature,  and  to  make  it  natural 
for  them  to  take  account  of  what  is  going  on  about  them.  With 
this  in  view,  the  teaching  should  be  at  the  same  time  very  high, 
very  simple,  and  very  practical.  Mathematical  developments  should 
be  avoided,  and  the  discussion  always  based  on  experience.  In  his 
experimental  demonstrations  he  should  use  the  least  possible  amount 
of  complicated  apparatus,  and  should  seek  to  realize  his  ends  with 
the  most  simple  means  and  those  that  are  most  readily  at  hand. 
He  should  attach  much  more  imjKjrtance  to  the  spirit  of  the  methods 
used,  than  to  the  technical  details  of  manipulation.  He  should  fre- 
quently use  the  graphical  method  of  rei)resentation,  not  only  for  the 
sake  of  showing  the  pupil  more  clearly  the  relations  between  phe- 
nomena, but  also  for  the  sake  of  making  those  most  imjwrtant  ideas 
of  functionality  and  continuity  penetrate  into  their  minds.  Finally, 
by  means  of  numerical  examples,  which  are  in  every  case  taken 
from  real  cases,  and  which  are  reduced  to  their  simplest  foniis.  he 
should  accustom  the  students  to  take  account  of  the  order  of  mag- 
nitude of  phenomena,  and  to  be  able  to  see  within  what  limits  a 
correction  is  either  necessary  or  absurd. 

As  has  been  stateil,  the  new  courses  were  adopted  by  the  national 
government  in  1902.  In  1904,  the  subject  of  teaching  science  in 
the  secondary  schools  was  chosen  for  the  conferences  of  the  Musee 
Pedagogique.  This  Musee  is  a  government  institution  (|uite  similar 
to  our  IJureau  of  Education.  In  it  are  kept  all  documents  concerning 
education,  and  the  statistics  of  the  schools.  It  possesses  one  of  the 
fniest  libraries  in  the  world  on  the  subject  of  education.  lUit  in 
addition  to  Ixnng  a  storehouse  of  documents  and  statistics,  the 
officers  of  the  Musee  have  recently  undertaken  to  conduct  some 
important  conferences  on  educational  subjects. 

At  the  first  of  these  conferences,  which  was  held  in  1904,  some 
very  important  and  suggestive  addresses  were  given  by  some  of  the 
most  illustrious  French  scientists  and  educators.  A  brief  summary 
of  the  principal  points  touched  in  these  addresses  follows. 
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The  first  address  was  given  by  Mr  L.  Liard,  vice  rector  of  the 
Academy  of  Paris.     He  said  : 

When  the  director  of  the  Miisee  Pedagogiqiie  in  forme:!  me  of 
his  intention  of  organizing  here  some  conferences  on  the  methods  of 
secondary  instruction,  I  heartily  indorsed  the  plan,  and  urged  him 
to  begin  with  the  sciences. 

It  seemed  to  me  that  this  subject  was  the  most  pressing;  for  the 
new  outlines  of  studies  have  definitely  assigned  to  the  sciences  their 
true  function  in  secondary  education.  In  spite  of  many  good  in- 
tentions, they  have  hitherto  been  treated  merely  as  materials  for 
entrance  examinations.  They  may  now  become  instruments  of 
culture. 

In  secondary  education,  the  scientific  studies  ought,  like  the 
others,  to  contribute  to  the  development  of  men.  Their  proper  duty 
is  to  work  toward  the  cultivation  of  everything  which  is  of  service  to 
the  mind  in  discovering  and  understanding  positive  truth — obser- 
vation, comparison,  classification,  experiment,  induction,  deduction, 
and  analog}-.  They  should  also  arouse  and  develop  that  sense  of 
reality  which  is  no  less  important  than  the  spirit  of  idealism ;  so 
that  they  would  become,  in  a  quiet  but  efficient  manner,  the  masters 
of  philosophy :  they  should  drill  the  mind  into  the  habit  of  not  think- 
ing by  fragiuents,  but  of  understanding  that  every  fragment  is  but 
a  part  of  some  great  whole. 

In  order  to  fulfil  this  mission,  it  is  evident  that  the  teaching  of 
•  the  sciences  ought  to  appeal  especially  to  the  active  faculties  of  the 
mind, —  to  those  same  faculties  by  means  of  which  science  has  been 
^built  up.  The  memory  ])lays  in  this  a  certain  part,  but  not  the  prin- 
cipal one.  Memory  can  do  nothing  but  retain.  Nothing  can  be 
more  at  variance  witli  a  true  teaching  of  science,  than  to  cram  into 
passive  minds  a  mass  of  abstractions  and  of  facts  to  be  learned  by 
heart.  What  should  be  done,  on  the  contrary,  is  to  arouse  the  spon- 
taneity of  the  student,  to  set  his  mental  activities  c:oing, —  in  a  w^ord, 
to  make  him  capable  of  action.  In  this,  as  in  other  things,  the  real 
value  does  not  lie  in  what  the  student  can  reproduce,  but  in  what 
he  can  produce. 

He  then  points  out  how,  in  the  ])ast  20  years,  the  mathematicians 
have  passed  through  a  state  of  transcendental  idealism,  in  which 
they  have  entirely  lost  sight  not  only  of  the  earth,  but  also  of  space. 
While  this  sort  of  thing  has  its  place  in  the  higher  education,  it  is 
certainly  cnit  of  place  in  the  secondary  school,  where  we  are  not 
trying  to  pre])are  members  of  the  Academy  of  Science,  but  to 
develop  clear  minds  which  see  distinctly  and  reason  correctly. 

Passing  to  the  subject  of  definitions,  he  questions  the  value  of 
starting  a  subject  with  ])urcly  nominal  definitions,  and  of  filling  the 
student's  head  with  symbols,  Ix'fore  he  comprehends  the  meaning  of 


86  NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION        [DEC.  2/ 

the  symbols,  and  has  clearly  in  mind  the  realities  to  which  they 
corresiKDnd.     On  this  point  he  says: 

In  general  a  child  but  little  understands  definitions  and  abstract 
formulas.  Doubtless  he  can  recite  them,  just  as  he  can  repeat  words 
of  an  unknown  language,  by  imitation.  What  is  immediately  acces- 
sible to  him  is  the  concrete ;  hence  the  greatest  service  that  can  be 
rendered  him  is  not  to  throw  him  at  a  single  bound  into  the  abstract, 
but  to  so  direct  his  work  that  he  enters  it  himself. 

Finally,  in  regard  to  the  method  of  presentation  of  the  subject- 
matter,  he  says : 

By  the  method  of  presentation,  the  sciences,  instead  of  aj^i^earing 
exjK'rimcntal  and  inductive  as  they  really  are,  are  develoj>ed  de- 
ductively. First  a  law  is  stated  as  a  theorem ;  then  the  demonstra- 
tion is  given,  always  as  if  a  theorem  were  being  treated.  The  fact 
dcx\s  not  appear  till  the  end,  and  when  it  appears,  it  is  brought  in 
as  an  illustration  and  not  as  the  source  of  the  law.  When  art  experi- 
ment is  presented,  it  is  generally  at  a  distance,  so  that  it  serves 
merely  as  an  aid  to  the  memory,  by  associating  an  image  with  a 
fornnda.  As  a  matter  of  fact,  the  experimental  sciences  develop  in 
just  the  inverse  order.  The  physical  sciences  should,  therefore,  be 
made  experijnental  and  inductive,  so  that  they  would  appeal  at  the 
start  to  the  facts,  and  would  thus  accustom  the  student  little  by  little 
to  see  for  himself  how  the  laws  are  derived  from  the  facts. 

This  address  by  Mr  Liard  was  followed  by  one  by  Mr  Henri 
Poincare,  professor  of  physics  at  the  University  of  Paris.  As  is  ^ 
well  known,  Mr  Poincare  is  the  leading  physicist  in  France,  if  not 
in  all  Euroi)e.  His  subject  was  The  General  Definitions  of  Mathe- 
matics. The  following  quotations  may  serve  to  give  some  idea  of 
the  main  points  in  his  paper:    . 

What  is  a  gcK)d  definition  ?  For  the  philosopher,  or  the  expert,  it 
is  one  that  applies  to  all  the  objects  defined,  and  to  no  others :  it  is 
one  that  satisfied  the  rules  of  logic.  But  in  teaching,  it  is  not  that ; 
a  good  definition  is  one  that  the  pupils  understand.  .  . 

For  example,  wc  are  in  a  high  school  class ;  the  teacher  is  dictating 
"  The  circle  is  the  locus  of  all  points  in  a  plane  which  are  equidis- 
tant from  a  hxiid  point  called  the  center."  The  good  ])upil  writes 
this  phrase  in  his  notebook ;  the  poor  pui)il  draws  therein  pictures 
of  good  men;  but  neither  of  them  unclerstands.  Then  the  teacher 
takes  the  chalk,  and  draws  a  circle  on'the  blacklK)ar(l.  "Ah !  "  think 
the-  ])npils,  *'  Why  did  he  not  tell  us  at  once  that  a  circle  is  something 
rninid,  and  we  would  have  understood  him?"  Doubtless  it  is  the 
ti'acher  who  is  right.  The  pupils*  definition  is  valueless,  since  it 
can  not  serve  for  demonstration  ])urposes,an(l  es])ccially  since  it  could 
not  i;ivc  them  the  healthy  habit  of  analyzing  their  concepts.  But 
it  would  be  better  to  show  them  that  thev  did  not  understand  what 
they  thought  they  understood,  and  to  lead  them  to  acknowledge  the 
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crudity  of  their  first  concept,  and  to  desire  of  themselves  to  improve 
it  and  make  it  less  crude.  .  . 

I  have  introduced  this  example  in  order  to  bring  out  clearly  two 
opposing  concepts  between  which  there  is  a  marked  contrast.  This 
contrast  is  explained  for  us  by  the  history  of  science.  If  we  read 
a  book  written  50  years  ago,  the  greater  part  of  the  argimient  which 
we  find  there  seems  to  us  to  be  devoid  of  rigor.  For  example,  at 
that  time  it  was  admitted  that  a  continuous  function  can  not  change 
sign  without  passing  through  zero :  tliat  it  can  do  so  has  been  proven 
today.  They  then  trusted  in  intuition  ;  but  we  have  come  to  see  more 
and  more  clearly  that  intuition  can  not  give  us  rigor,  nor  yet  cer^ 
tainty.  And  as  we  came  to  demand  certainty,  it  was  necessary  to 
allow  intuition  to  play  a  less  and  less  important  part.  .  . 

How  was  this  necessary  evolution  accomplished?  We  were  not 
long  in  finding  out  that  rigor  could  not  be  obtained  in  the  argu- 
ment, unless  it  was  intro<luced  at  once  into  the  definitions.  For  a 
long  time  mathematicians  worked  with  objects  that  were  badly 
defined.  They  thought  that  they  had  clear  concepts,  because  they 
could  represent  the  things  to  themselves  either  in  models  or  in 
imagination ;  but  they  had  but  crude  images  and  no  precise  ideas  on 
which  an  argument  could  Ix?  constructed.  Here  then  was  the  place 
for  the  logicians  to  apply  their  eflforts.  The  result  may  be  seen  in 
the  idea  of  incommensurable  numbers,  for  example.  The  idea  of 
continuity  which  we  have  by  intuition  has  been  resolved  into  a  com- 
plicated system  of  inequalities  relative  to  whole  numbers.  In  this 
way  all  the  difficulties  that  bothered  our  fathers  when  they  reflected 
on  the  fundamental  facts  of  the  infinitesimal  calculus,  have  dis- 
appeared. .  . 

But  do  you  think  that  mathematics  has  attained  this  absolute  rigor 
without  making  some  sacrifice  ?  Not  at  all :  for  what  has  been 
gained  in  rigor  has  been  lost  in  objectivity.  It  is  by  withdrawing 
from  reality  that  this  perfect  purity  has  lK»en  acquired.  .  . 

Mr  Poincare  then  proceeds  to  show  to  what  lengths  this  hunt 
after  rigor  has  led  the  mathematicians,  and  i)oints  out  how  this 
development  of  the  purely  logical  side  of  the  subject  has  led  to  the 
invention  of  a  crowd  of  "  bizarre  functions  which  seem  to  resemble 
as  little  as  possible  the  honest  and  practically  useful  functions  and 
which  have  iK'en  invented  solely  for  the  purjK)se  of  showing  the 
faults  in  the  argiunents  of  our  fathers.'*  These  functions  seem  to 
be  more  general  than  the  useful  ones,  he  claims;  and  hence,  if  logic 
were  the  only  guide  in  matters  of  teaching,  these  functions  should 
stand  at  the  head  of  the  subject.  Yet  if  we  were  to  do  this,  as  logic 
demands,  and  set  up  for  the  argument  premises  that  seem  to  the 
students  less  evident  than  the  conclusions,  these  unfortunate  being*^ 
will  think  that  matheinatics  is  nothing  but  an  arbitrary  stringing 
together  of  useless  subtilties ;  they  will  either  lose  their  taste  for  it, 
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or  will  play  with  it  as  if  it  were  a  game,  and  arrive  finally  at  a  state 
of  mind  similar  to  that  of  the  Greek  sophists. 

The  chief  aim  of  mathematics  teaching  is  to  develop  certain  facul- 
ties of  the  mind,  and  among  these  intuition  is  by  no  means  the  least 
valuable.  .  .  Demonstrations  are  constructed  by  logic,  but  inven- 
tions are  made  through .  intuition.  To  know  how  to  criticize  is 
good ;  but  to  know  how  to  create  is  better.  Logic  teaches  us  that  on 
such  or  such  a  path  we  are  sure  to  meet  no  obstacles;  bu^  it  does 
not  tell  us  which  path  it  is  that  leads  to  the  goal.  In  order  to  find 
this  out,  we  must  see  the  goal  from  a  distance,  and  the  faculty  that 
enables  us  to  do  this  is  intuition.  Without  this,  the  geometer  would 
be  like  a  writer  whose  attention  was  riveted  on  the  grammar,  but 
who  had  no  ideas. 

Having  thus  shown  the  opposing  needs  of  logic  and  of  intuition, 
he  proceeds : 

Is  it  possible  to  satisfy  these  opposing  conditions,  in  particular, 
when  it  is  a  matter  of  giving  a  definition  ?  How  can  we  find  a  con- 
cise statement  which  will  satisfy  at  the  same  time  both  the  inviolable 
rules  of  logic  and  our  (V^sire  to  comprehend  the  place  of  the  new^ 
notion  in  the  ensemble  of  science, —  our  need  of  thinking  with 
images?  Generally  a  way  can  not  be  found,  and  that  is  why  it  is 
not  sufficient  to  simply  state  a  definition  ;  it  must  be  prepared  for, 
and  it  must  be  justified.  .  .  The  best  way  of  doing  this,  whenever 
it  is  possible,  is  to  let  the  justification  precede  the  statement  and 
prepare  the  way  for  it.  The  general  statement  should  be  api)roache(l 
dirough  the  study  of  several  particular  examples. 

Having  thus  established  the  principle  of  the  justification  of  a 
definition  before  its  statement,  he  gives  in  the  remainder  of  the 
paper  a  number  of  examples,  in  which  he  shows  how  this  principle 
may  be  applied  in  various  cases.  Passing  over  his  suggestions  con- 
cerning mathematics,  we  may  glance  at  his  suggestions  with  regard 
to  mechanics.     He  says : 

How  shall  WT  define  force?  That  a  good  k)gical  definition  does 
not  exist,  I  have  shown  clearly  elsewhere.  The  anthro])(>morphic 
definition,  derived  from  the  sensation  of  muscular  effort,  is  too  crude, 
and  nothing  of  value  can  be  deduced  from  it.  This  is  the  course  I 
would  follow  :  I  would  show  one  after  another  all  the  species  of  this 
genus ;  they  are  numerous  and  very  diverse.  There  are  the  pressures 
of  fluids  on  the  walls  of  the  vessels  that  contain  them,  the  tension 
of  threads,  the  elasticity  of  springs,  weight,  friction,  action  and  reac- 
tion between  twr)  solids  in  contact,  etc. 

This  would  be  but  a  cjualitative  definition.  It  would  then  be  neces- 
sary to  learn  how  to  measure  force.  To  do  this  we  must  show  that 
ore  force  can  he  replaced  by  another  without  disturbiniL^  e(|uilil)rium. 
We  should  show  that  we  can  re|)lace  a  weitrht.  not  only  h\  another 
weight,  but  by  different  forces  of  nature.  Etc.  From  this  the  idea 
of  the  equivalence  of  forces  is  built  up. 
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He  then  advises  the  exix^rinient  showing  that  one  force  may  be 
replaced  by  two  forces  in  the  same  direction,  and  that  the  sum  of 
the  two  is  equal  to  the  one,  and  leads  up,  by  gradual  steps  to  three 
or  more  forces  in  a  plane.     His  final  conclusion  is : 

All  this  is  exjKTience,  and  experience  is  the  only  thing  that  can 
teach  us.  It  will  be  sufficient  to  mention  several  common  experi- 
ences, which  all  the  students  have  every  day,  and  to  execute  for  them 
a  few  simple  experiments  that  are  well  chosen. 

In  the  syllabus  that  was  submitted  to  the  physics  teachers  in 
circular  IV  of  the  New  Movement,  this  suggestion  of  Mr  Poincare*s 
has  been  carried  out  in  the  first  sections.  The  entire  address  is  one 
of  extraordinary  interest,  and  will  repay  a  careful  study.  The  same 
is  true  of  the  others  in  the  series  given  at  this  conference.  It  would 
be  well  worth  while  to  outline  them  in  as  great  detail  as  has  been 
done  with  this  one.  But  this  is  out  of  the  question  in  our  limited 
time,  so  I  will  merely  indicate  the  most  important  |x>int  in  each,  and 
refer  you  to  the  original  for  the  complete  argument. 

The  principal  point  in  the  second  address,  which  was  given  by 
Mr  G.  Lippmann,  professor  of  physics  at  the  University  of  Paris, 
is  thist 

The  problem,  the  research  is  die  very  essence  of  all  science. 
Every  science  is  the  art  of  making  researches.  Doubtless  there  exist 
didactic  treatises,  theoretical  cx])ositions  in  which  the  acquired 
results  are  arranged  in  a  logical  order.  But  these  results,  these  laws, 
these  theorems  are,  above  all,  instruments  ready  for  use.  They  con- 
stitute an  intellectual  chest  of  tools  which  is  useless  excepting  to 
him  w^ho  knows  how  to  use  it.  The  student  who  repeats  the  demon- 
stration of  a  law  or  of  a  theorem  without  being  able  to  make  correct 
application  of  it,  does  not  know  what  he  is  talking  about :  his  science 
is  wholly  verbal.  Without  doubt  he  comprehends  here  and  there 
a  part  of  that  which  he  commits  to  memory,  but  yet  he  owes  to  his 
memory  more  than  he  himself  believes:  frequently  he  fools  himself, 
and  frequently  he  even  fools  a  professor  at  examination  time. 

The  next  address  in  the  series  was  delivered  by  Mr  Lucien 
Poincare.  Inspector  General  of  Education  in  l^Vance.  This  is  a 
particularly  interesting  contribution  to  the  discussion  before  us  It 
begins : 

With  a  unanimity,  which  is  doubtless  as  rare  in  pe:iagogy  as 
in  other  matters,  we  agree  today  in  recognizing  tliat  scientific  j^tudy 
ought  to  play  in  secondary  education  a  role  of  far  greater  importance 
than  educators  in  the  ])ast  would  have  been  willing  to  entrust  to  it. 

He  then  j)oints  out  that,  if  science  is  to  play  the  im])ortant  new 
part  successfully,  greater  attention  nnist  be  paid  to  the  method  of 
presenting  the  subject  to  the  youth.     We  must  know  definitely  the 
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point  at  which  we  are  aiming,  and  consider  well  the  l>est  use  of  the 
means  at  our  disix>sal  for  attaining  our  educational  puqwDse.  From 
this  point  of  view,  the  first  thing  that  we  must  realize  is  that  wc  are 
not  attempting  to  prepare  sj^ecialists  in  science.  The  factors  that 
have  been  missing  in  the  past  erlucation  are  the  very  ones  that  a 
properly  directed  teaching  of  science  should  develop ;  namely,  a 
sense  of  concrete  realities,  a  mind  intelligent  concerning  |X)sitive 
truth,  a  mental  and  corporeal  eye  accustomed  to  see  things  exactly 
as  they  are. 

Present  conditions  in  the  French  schools  are  then  shown  to  be 
anything  but  ideal  in  the  matter  of  the  presentation  of  science.  The 
choice  of  subject-matter  has  been  ginded  by  superannuated  traditions 
without  resi)ect  for  either  interest  or  practical  in)j>ortance. 

Teaching  has  followed  but  timidly  the  progress  of  if'.eas,  and  still 
clings  to  the  methods  handed  down  from  generation  to  generation. 
1\)  mention  but  one  example,  how  many  teachers,  when  they  come 
to  the  subject  of  electricity,  although  they  have  at  hand  those  simple 
and  powerful  machines  which  are  of  such  great  practical  value  and 
which  also  illustrate  very  beautifully  and  ver\^  clearly  the  immediate 
application  of  laws,  still  feel  constrained  to  begin  their  course  with 
a  long  and  complete  description  of  phenomena  which,,  though  known 
since  antiquity,  have  yet  remained  very  obscure?  And  they  are  sat- 
isfied with  drawing  a  tiny  spark  from  a  piece  of  glass  that  has  been 
rubbed  with  the  skin  of  an  unfortunate  cat  or  with  producing  some 
feeble  contractions  on  the  legs  of  a  frog,  the  innocent  and  obscure 
victim  of  science. 

The  students  also,  we  are  told,  carry  away  the  impression  that  the 
j)lien(>mena  observed  are  inseparably  connected  with  special  pieces 
of  apparatus,  and  thus  that  they  do  not  penetrate  into  real  life;  and 
hence  they  conclude  that  ])hysics  is  the  art  of  setting  into  operation 
bizarre  apparatus  which  is  ordinarily  kei)t  in  a  glass  case.  The 
teacher  seems  to  think  it  necessary  to  add  a  detailed  <lescription  of 
some  particular  piece  of  a])i)aralus  to  every  fact  mentioned  and  to 
every  law  stated  ;  until,  little  by  little,  the  ai)])aratus  takes  on  enor- 
mous proportions  in  the  mind  of  the  student,  and  finally  usurps  the 
place  of  the  law  ;  so  that  we  find  educated  men  who  preserve,  as  their 
only  recollection  of  the  ])rinci])le  of  Archimedes,  a  mental  image  of 
twn  c<)j)|)er  cylinders. 

Men  who  have  been  thus  tanj^lit  carry  away  from  their  study 
nolhini;  but  a  load  of  scientific  words  without  anx-  ideas;  tliev  have 
lislcned  passively,  but  have  never  become  interested  in  the  science 
that  was  taught  them,  ^\•t  ud  sane  mind  could  refrain  from  being 
captivated  by  a  science  that  revealed  to  them  a  worlrl  so  vast  that  it 
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takes  light,  traveling  at  the  rate  of  186,000  miles  a  second,  centuries 
to  traverse  it;  yet  made  up  of  particles  so  small  that  they  must  be 
piled  up  by  the  million  in  order  to  make  an  object  that  would  be 
perceptible  in  the  most  ix)vverful  microscoi>e.  The  subject  has  l)een 
so  crowded  with  details  that  have  no  particular  interest,  excepting 
to  specialists,  that  the  students  once  more  fail  to  see  the  forest 
because  of  the  trees. 

After  pointing  out  the  evils  that  arise  from  attempts  at  rigor, 
and  from  the  introduction  of  complicated,  peculiai  and  exceptional 
experiments,  which  ai)pear  to  the  students  as  a  sort  of  complement 
de  luxe  to  the  di*^cussion,  and  which  take  away  from  science  its  edu- 
cative value  of  developing  an  inductive  habit  of  mind,  Mr  Poincare 
continues : 

To  set  uj)  laws  a  j>riori,  as  if  they  came  from  some  unknown  and 
mysterious  revelation,  and  then  to  draw  from  those  laws  deductively 
their  consequences,  is  to  invert  the  real  nature  (^f  things.  This  is 
the  surest  ix)ssible  way  of  making  scientific  study  serve  to  produce 
intellectual  deformation,  by  insj)iring  some  minds  with  a  vague  mys- 
ticism, and  by  paralyzing  the  deductive  sense  in  other  minds,  thus 
sterilizing  for  all  the  imagination,  by  never  bringing  into  evidence 
the  creative  function  of  an  hypothesis. 

Finally,  he  thus  expresses  himself  witli  regard  to  standardizing 
the  course  in  physics : 

I  l)elieve  that  it  is  desirable  that  our  syllabi  in  physics  should 
never  become  rigid.-  In  the  physical  sciences  there  is  no  one  and 
only  logical  order  as  there  is  in  mathematics :  we  have  to  deal  with 
too  many  complex  ideas  which  are  ahnost  independent  of  each  other 
to  permit  of  establishing  such  a  system  that  would  not  api)ear  to  be 
of  an  almost  arbitrary  ch:  racter.  lM)r  this  reason,  there  is  plenty  of 
room  for  individual  initiative  in  following  out  the  ])articular  needs 
of  the  students,  so  that  the  teachers  can  with  advantage  vary  the 
order  that  they  acl()])t  in  ])resenting  tlieir  subject. 

The  next  address  in  the  series  is  by  Mr  P.  Langevin,  associate 
professor  of  ])hysics  in.  the  College  de  Prance,  ou  the  Spirit  of 
Science  Teaching.  \V()ul<l  that  there  were  time  to  discuss  this 
paper  also.  Many  of  the  finer  ])<>ints,  not  already  mentioned,  are 
here  made  clear.  Jiut  the  sul)ject  Infore  us  is  so  vast,  that  the 
teacher  must  again  be  referred  to  tlie  (original  documents  for  a  more 
detailed  study.  Any  one  of  these  capital  addresses  furnishes  food 
for  thought  for  many  days.  Il<>w  can  we  be  exjx-cted  to  summarize 
the  argument  in  less  than  one  hour?  Pnough  lias,  it  is  hoj)ed.  been 
adduced  to  show  clearly  thai  the  ideas  for  which  tb.e  Preiich  scien- 
tists are  clainn'ng  recognition  among  science  teachers  are  the  same 
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as  those  that  are  being  pushed  to  the  front  in  Germany;  namely, 
connection  of  the  work  with  the  daily  Hfe  of  the  students,  use  of  tlie 
inductive  method,  emphasis  on  thought  processes  rather  than  on 
memory  work,  development  of  the  scientific  imagination,  and  a  large 
amount  of  freedom  for  the  teacher. 

One  more  point  is  of  interest  in  regard  to  the  reform  in  France. 
In  a  letter  recently  received  from  Mr  Lucien  Poincare,  author  of 
the  address  on  the  Methods  of  Teaching  Science,  he  says :  *'  During 
the  past  few  years  great  progress  has  been  made  in  opening  up  the 
sciences  in  a  practical  and  modern  w'ay.  The  greater  part  of  the 
criticisms  which  I  made  in  the  conference  in  1904  would  not  now 
be  applicable."  Let  us  hope  that  here  in  America  we  may  have  as 
good  a  report  to  make  at  the  end  of  the  coming  two  years.  The 
problem  here  is  more  difficult,  because  we  have  no  government  con- 
trol of  education,  as  they  have  in  France.  While  there  but  one 
governing  body  had  to  be  converted  in  order  to  inaugurate  the  re- 
forms, here  we  have  a  very  large  number  that  control  the  standards 
in  education.  On  the  other  hand  we  Americans  have  a  large  fund 
of  common  sense  which  makes  us  quick  to  adopt  and  to  enforce 
new  ideas,  and  so  the  chances  here  should  be  as  good  as  those  in 
the  countries  across  the  water. 

In  America  the  organization  of  the  movement  for  the  reform  of 
physics  teaching  has  been  g<)ing  on  for  some  time.  For  a  number  of 
years,  the  belief  that  the  methods  of  teaching  physics  here  did  not 
lead  to  results  commensurate  with  the  time  and  money  expended 
on  it  has  been  growing  in  strength  and  extending  to  all  parts  of 
the  country.  The  signs  of  this  growing  dissatisfaction  with  the 
subject  are  manifest  everywhere.  For  example,  within  the  last  six 
years  numerous  local  associations  have  pre])ared  s])ecial  lists^  of 
experiments  for  use  within  their  territory,  lists  that  show  a  tendency 
to  break  away  from  the  list  adopted  by  the  National  Educational 
.Association,  on  recommendation  of  its  committee  on  a)llegc  entrance 
requirements,  in  1899.  In  1904  this  association  itself  apiK^inted 
anotlicr  committee  to  revise  this  list,  and  approved  a  new  list  pre- 
sented by  this  committee  in  1905.  The  report  of  this  committee 
contains,  in  addition  to  the  list  of  experiments  for  the  first  year  in 
physics,  an  excellent  outline  for  a  second  year  of  work. 

All  of  this  work  on  lists  of  ex])erinients  has  led  to  a  marked 
elevation  of  the  i^^rade  of  work  done  in  the  hii^h  school  laboratories, 
l)iit  it  did  not  concern  itself  much  with  the  methr)ds  of  j)resenting 
the  Mil)ject  in  the  classroom.     That  this  side  of  the  problem   was 
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also  coming  to  the  front,  was  shown  hy  the  fact  that  a  number  of 
new  textbooks  began  making  their  appearance — texts  in  which 
the  effort  was  made  to  lay  emphasis  on  the  thought  processes,  rather 
than  on  the  mastery  of  the  subject-matter. 

Another  and  still  more  important  sign  of  the  awakening  to  the 
fact  that  there  really  was  a  serious  problem  here  for  consideration 
is  the  establishment  in  various  parts  of  the  country  of  associations, 
formed  by  the  physics  teachers  themselves  for  the  purpose  of  help- 
ing one  another  to  improve  the  work.  For  the  past  lo  or  12  years 
these  associations  have  exerted,  and  they  still  exert,  a  powerful  in- 
fluence fof  good  over  the  teaching  of  the  subject.  By  uniting  the 
teachers  for  the  solution  of  their  common  problems,  they  have  been 
a  source  of  inspiration  to  all,  of  their  members;  and  they  have 
served,  by  the  prei)aration  and  publication  of  excellent  rei>orts  and 
by  their  fruitful  discussion  of  vital  topics,  in  advancing  the  efficiency 
of  physics  in  a  truly  admirable  way. 

The  organization  for  the  betterment  of  physics  teaching  may  then 
be  said  to  have  begun  with  the  founding  of  the  first  of  these  asso- 
ciations, the  Eastern  Association  of  Physics  Teachers,  which  was 
established  on  February  2,  1905.  It  is  interesting  to  note  that  in 
this  country  this  organized  movement  was  begim  in  a  truly  demo- 
cratic way  by  the  teachers  themselves ;  not,  as  abroad,  by  govern- 
ment action.  The  example  set  by  the  Xew  England  physics  teachers 
has  been  followed  by  their  colleagues  elsewhere,  until  now  we  have 
a  large  number  of  these  nourishing  associations  scattered  all  over 
the  country. 

The  establishment  of  these  associations  seems  to  me  to  mark  a 
new  epoch  in  educational  work.  In  ^le  ])ast,  the  methods  to  be  used 
and  the  subject-matter  to  l>e  taught  in  the  secondary  sch(X)ls  have 
been  determined  by  the  enactments  either  of  l>o(lies  of  schcx)l 
authorities,  or  of  college  faculties.  Tn  the  framing  of  these  enact- 
ments, the  man  who  was  to  do  the  work  —  the  man  behind  the  gun, 
we  might  call  him  —  had  little  if  any  voice.  Even  though  many  of 
the  committees  of  the  National  Educational  Association,  for  example, 
had  some  high  school  teachers  among  their  members,  these  men 
could  not  represent  the  secondary  sch(K)l  interests  as  completely 
before  the  establishment  o{  the  teachers  associations  as  they  now 
can  after  the  problems  have  been  defined  more  shar]:)ly  by  the  dis- 
cussions in  these  association  meetings  by  large  numbers  of  their 
colleagues.  Ilence  the  im])ortance  «>f  tlie^e  associations  lies  in  the 
fact  that  they  furnish  to  both  high  sclu^ol  and  college  teachers  the 
much  needed  opp<^)rtunity   for  a  free  and  o]')en  discussion  of  their 
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common  problems.  This  gives  to  the  high  school  teacher  a  kind  of 
representation  in  the  enactments  of  ruling  bodies  which  he  did  not 
have  before;  and  it  tends  to  counteract,  in  a  thoroughly  healthy 
way,  what  Pres.  G.  Stanley  Hall  calls  the  authority  that  works 
from  above  downward. 

This  statement  does  not  in  the  least  reflect  on  either  the  sincerity 
or  the  efficiency  of  the  school  authorities,  or  of  the  committees  of 
educational  associations.  The  work  that  has  been  done  is  doubt- 
less the  very  l)est  that  could  be  done  under  the  conditions  that  ex- 
isted at  the  time.  Moreover,  this  work  had  to  be  done  at  first  in 
this  way ;  because,  in  the  building  up  of  our  system  of  secondary 
education,  trained  teachers  for  the  jx^sitions  created  did  not  at  first 
exist.  Hence  those  who  did  understand  the  educational  problems 
best  had  to  take  tlie  lead.  But  now  the  conditions  have  changed. 
Secondary  sch(X>l  teaching  has  developed  into  a  profession ;  and  this 
profession  is  filled  with  hundreds  of  capable,  earnest  and  thoughtful 
men  and  women,  each  of  whom  is  a  specialist  in  the  profession,  and 
understands  his  business  now  in  a  way  that  was  rare  some  few  years 
ago.  If  it  were  not  for  the  work  already  done,  and  effectively  done, 
for  the  schools  by  those  unselfish  labors  of  the  few  who  devoted 
themselves  to  the  task,  we  would  not  now  be  in  a  iX)sition  to  go  on 
and  expand  and  extend  that  work  by  using  the  skill  and  the  ex- 
perience that  has  been  developed  in  the  secondary  school  teachers 
because  of  that  work. 

But  since  there  now  exists  this  large  and  efficient  body  of  well 
trained  and  experienced  secondary  school  teachers,  as  well  as  the 
smaller  but  no  less  efficient  body  of  college  instructors,  and  since 
all  these  teachers  have  developed  their  associations  for  the  united 
study  of  their  common  problems,  it  seems  fair  to  ask,  whether  it 
is  not  now  the  time  to  make  these  associations  take  an  active  part 
in  the  work  of  standardizing  and  c(X)rdinating  courses  of  study, 
and  in  defining  the  conditions  under  which  good  work  is  ])ossible  in 
eacli  of  the  subjects,  and  in  determining  the  methods  of  i)resenta- 
tion  that  are  best  suited  to  each  particular  age  of  the  student.  Are 
we  not  now  ready  to  try  to  define  high  schcK^)!  courses,  college  en- 
trance requirements,  and  college  courses  by  joint  cooperative  action 
of  all  the  teachers  through  their  associations?  And  do  not  these 
ass(xMations  furnish  the  means  of  getting  ex])ressions  of  opinion  on 
every  ])robk'ni  from  hundreds  of  active  teachers,  instead  of  from  a 
committee  of  5.  or  to,  or  12  members?  And  would  UiH  .the  result 
thus  obtained  be  more  far-reaching,  ])ecause  every  teacher  had  been 
able  to  follow  the  discussion  and  to  add  to  it,  than  results  obtained 
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by  the  star-chamber  work  of  any  committee,  however  efficient,  dili- 
gent; able  and  sincere  its  members  might  be  ? 

And,  when  we  think  of  it,  is  it  not  right  that  this  sort  of  an 
innovation  shbuld  come  from  the  science  teachers?  For  what  is 
this  proposition,  but  one  to  apply  the  scientific  method  to  the 
educational  problems,  and  to  attempt  to  observe  and  study  every 
possible  cas€,  before  drawing  a  conclusion?  Besides,  as  has  been 
abundantly  shown  in  the  foregoing  discussion,  science  teaching 
needs  renovating  and  rejuvenating — nay,  needs  remaking,  more 
than  the  teaching  of  the  other  subjects,  perhaps. 

If  it  is  agreed  that  such  wholesale  cooperation  and  mutual  assist- 
ance among  teachers  in  the  colleges  and  in  the  secondary  schools  is 
desirable,  it  is  fair  to  ask  how  it  may  be  obtained  through  the  asso- 
ciations. One  method  of  doing  this  has  developed  in  the  past  year 
among  the  teachers  of  physics.  I  say  develo|)ed  purposely ;  for  the 
idea  may  be  said  to  have  been  thrust  u\K)n  those  teachers  by  the 
force  of  circumstances,  rather  than  invented  by  them.  The  story 
of  this  work  is  as  follows : 

A  little  over  a  year  ago,  several  members  of  the  Central  Associ- 
ation of  Science  and  Mathematics  Teachers,  feeling  the  currents  of 
the  times,  and  realizing  that  the  teaching  of  physics  might  even  yet 
be  improved,  asked  that  association  to  apix)int  a  committee  of  three 
to  investigate  and  see  what  had  better  be  done.  This  committee 
began  work  by  sending  a  circular  letter  to  about  1500  physics 
teachers  asking  for  an  expression  of  opinion  from  each  on  a  number 
of  ix)ints.  The  questions  were  not  very  easy  to  answer,  since  they 
asked  each  teacher  to  give  his  justification  for  his  carrying  on  his 
work  as  he  did.  The  purpose  in  the  mind  of  the  committee  in  send- 
ing these  circulars  to  so  many  teachers,  was  to  give  every  one  who 
could  be  reached  a  chance  to  express  his  views.  This  idea  is  not 
new. 

Shortly  after  this  circular  letter  had  l)een  sent  out,  the  North 
Central  Association  of  Colleges  and  Secondary  Schools  held  its 
annual  meeting  in  Chicago.  This  association  makes  it  a  special 
point  in  its  work,  to  so  arrange  matters  that  all  problems  are  solved 
by  cooperative  action  between  the  colleges  and  the  secondary  schools. 
As  an  example  of  their  method  of  work  we  may  note  the  fact  that 
they  had  voted  at  their  previous  meeting  to  appoint  a  separate  com- 
mittee for  each  subject  to  define  the  unit  of  work  in  that  subject ; 
and,  the  important  point,  each  of  these  committees  was  to  consist 
of  20  members,  one  high  school  man  and  one  college  man  from 
each  of  the  10  states  represented  in  the  association.     The  state  ex- 
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aniincr  of  schools  in  each  state  was  to  nominate  the  members  of 
these  committees  for  his  state,  so  that  the  members  of  each  com- 
mittee of  20  were  nominated  by  10  (HfFerent  men.  In  this  way  a 
thoroughly  representative  committee  was  obtained.  This  idea  of 
democratizing  the  work,  by  working  with  large  committees,  is  thus 
due  to  the  North  Central  Association. 

The  physics  committee  that  was  thus  apiK)inted  happened  to 
include  among  its  20  members  the  three  who  had  been  appointed  by 
the  teachers  association  to  do  a  very  similar  piece  of  work.  The 
original  committee  of  three,  having,  as  it  were,  been  thus  unex- 
pectedly increased  to  a  committee  of  20,  and  its  duties  having  been 
expanded  to  include  a  redefinition  of  the  unit  in  physics,  thought 
that  it  might  as  well  expand  the  work  still  more,  by  inviting  other 
associations  to  apix)int  similar  committees,  so  as  to  get  the  interest 
and  the  cooperation  of  all  the  physics  teachers  in  the  work,  with 
the  hope  of  making  the  new  definition  of  the  unit  as  cosmoix)litan 
in  character  as  was  possible.  This  was  done,  with  the  result  that 
12  other' associations  have  joined  in  the  work  by  appointing  com- 
mittees to  represent  them.  There  are,  therefore,  14  associations 
now  cooperating  on  the  problem ;  the  cooperating  committees  num- 
ber all  told  52  members,  and  the  associations  represented  count  about 
1200  physics  teachers  among  their  members.  Should  not  an  organi- 
zation like  this  be  far  better  able  to  solve  the  problems  of  the  teach- 
ing of  physics,  than  could  the  science  section  of  the  National  Edu- 
cational Association,  for  example,  which  counts  less  than  50  physics 
teachers  among  its  members  ? 

Whenever  an  association  joined  in  the  work,  a  list  of  its  mem- 
lx.*rs  was  obtained,  so  that  every  physics  teacher  who  belonged  to 
any  one  of  the  cooperating  associations  might  be  reached  and  given 
a  chance  to  express  his  opinion.  Up  to  the  present  time,  about  400 
of  these  teachers  have  taken  advantage  of  the  opi)ortunity  thus 
given,  and  have  contributed  ideas  and  suggestions  to  the  discus- 
sions that  have  been  carried  on  by  means  of  printed  circulars.  It  is 
as  yet  too  early  to  foretell  what  will  be  the  final  success  of  this  un- 
dertaking, but  a  great  deal  has  been  accomplished  in  the  way  of 
arousing  enthusiasm  among  the  teachers  for  their  work.  Would 
that  there  were  time  to  (juote  from  the  many  letters  that  have  been 
received,  in  which  the  effects  of  this  work  on  the  work  of  individual 
teachers  are  described ;  suffice  it  to  say,  that  the  agitation  has  already 
led  to  the  establishment  of  two  new  science  teacliers  associations, 
and   two   others   are  in   the  process  of  being  organized  this  week 


I906J  SECTION    MEETINGS  —  SECTION   A  97 

because  of  it.  Seven  associations  have  made  the  discussion  of  this 
work  an  imjxjrtant,  if  not  the  main  theme  of  their  annual  meetings 
held  this  fall.  It  seems  safe  to  say  that  when  the  meaning  and  the 
scope  of  this  work  is  rightly  understood,  results -of  impc^rtance  may 
be  obtained  by  it.  Many  teachers  have  not  yet  grasped  its  signifi- 
cance ;  but  when  they  do,  they  will  not  hesitate  to  add  their  voice  to 
that  of  the  others,  and  so  to  give  impetus  to  the  work. 

One  great  advantage  of  this  kind  of  work  is  that  it  helps  to  build 
up  the  associations  engaged  in  it.  It  stimulates  the  teacher  to  know 
that  he  is  called  upon  to  do  some  work  for  his  association ;  it  makes 
him  feel  that  the  association  needs  him,  and  so  urges  him  to  make 
an  effort  on  its  behalf.  It  also  stimulates  him  to  be  brought  into 
touch  with  the  ideas  of  his  colleagues,  and  thus  necessarily  makes 
him  a  broader  and  a  better  teacher.  It  has  been  proved  clearly  enough 
that  this  form  of  activity  is  a  very  essential  part  of  the  functions 
of  every  association,  since  it  keeps  the  members  in  touch  with  one 
another  throughout  the  year,  and  thus  sustains  the  enthusiasm  be- 
gotten at  the  annual  meetings. 

This  method  of  getting  the  science  teachers  associations  to  co- 
operate in  the  solution  of  their  problems  may  be  summarized  as 
follows:  Each  association  appoints  several  members  to  represent 
it  in  a  general  large  conmiittee.  This  committee  fornuilates  a  plan 
of  action,  and  carries  it  out  by  means  of  printed  circulars  which  are 
sent  to  the  individual  members  of  each  of  the  associations.  The 
formulation  of  the  results  and  the  decision  concerning  what  action 
should  be  taken  is  made  by  the  large  general  committee  by  corre- 
spondence. The  small  committee  of  each  association  reports  to  its 
association  such  portions  of  the  actions  of  the  general  committee 
as  it  api)rovcs,  and  each  association  is  then  in  a  position  to  accept 
or  reject  these  results  a*^  it  may  think  best.  It  seems  as  if  this 
method  gives  each  individual  teacher  a  representation  in  the  results 
that  he  would  not  otherwise  have. 

In  this  discussion  of  the  American  conditions,  we  have  thus  far 
considered  mainly  the  administrative  side  of  the  subject:  /.  r..  the 
part  that  the  organizations  have  played  and  might  play  in  this 
work,  under  the  conditions  of  school  administration  peculiar  to 
this  country.  That  the  educational  principles  that  are  guiding  this 
agitation  are  very  similar  to  those  that  are  o|XTative  abroad,  must 
be  evident  from  the  summaries  of  opinions  printed  in  the  circulars 
that  have  been  issued,  and  from  the  statements  in  the  first  two 
pages  of  this  paper.     These  principles  call  for:  (i)  The  recognition 
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of  the  fact  that  efficient  teaching  depends  in  the  last  analysis  on  the 
teacher,  and  not  on  curricula  or  on  syllabi ;  so  that  every  individual 
teacher  must  be  given  the  opportunity  of  working  at  his  specialty 
in  as  great  freedom  as  is  compatible  with  other  interests  of  the 
school.  (2)  The  recognition  of  the  essential  difference  between  in- 
struction in  science  and  that  in  other  subjects,  together  with  the 
consequent  changes  that  become  necessary  in  the  method  of  pre- 
senting science.  (3)  The  recognition  of  the  fact  that  science,  when 
properly  presented,  |X)ssesses  as  a.  subject  of  study  a  culture  value 
that  is  at  least  as  great  as  that  of  any  other  subject. 

( )ne  word  more,  concerning  the  relation  between  this  work  for 
better  science  teaching  and  several  other  educational  movements 
that  have  recently  been  started.  A  National  Association  for  the 
Promotion  of  Industrial  Education  has  just  been  formed.  Since 
all  of  the  modern  industries  are  based  on  science  —  are,  in  fact, 
ai)plie(l  science  —  the  new  education  in  science  has  much  to  con- 
tribute to  the  work  of  this  organization.  Also  a  meeting  was 
recently  held  in  l»oston  to  consider  social  and  moral  education,  and 
an  association  may  l^e  formed  for  this  purpose.  Since  a  properly 
presented  science  has  marked  powers  for  developing  the  moral  and 
ethical  tastes  of  the  students,  the  new  education  in  science  will  have 
much  to  contribute  to  the  work  of  this  association.  Let  us  hope 
th.at,  when  the  time  comes  to  try  the  science  teachers  in  these  new 
lines,  they  will  not  be  found  wanting.-  They  certainly  will  be  able 
to  cope  successfully  with  these  new  problems,  if  they  develop  their 
associations  into  a  national  organizati(m  for  the  cooperative  study 
of  the  problems  of  education  through  science  by  the  scientific 
method  of  investigation. 

Lately  1  have  been  asked  a  number  of  times  for  a  statement  of 
the  essential  point,  ]ihilosophical  and  pedagogical,  of  this  whole 
agitation  about  science  teaching.  Such  a  statement  would  require 
pages,  or  rather  volumes,  for  the  com])lete  ex])ression  of  all  that  is 
contained  in  the  problem  before  us.  What  seems  to  me  to  be  an 
admirable  summary  of  the  whole  situation,  with  its  complex  prob- 
lems and  its  future  destiny,  has  been  given  by  Lord  Tennyson  in 
tlio  verse  : 

Flower  in  thc^  crannied  wall, 

I   plnck  y'»n  out  nf  the  crannies; — 

Hold  you  here,  root  and  all,  in  my  hand, 

T.ittle  llower  —  hut  if  I  could  understand 

What  you  arc,   root  and   all.  and   all   in  all, 

I  should  know  what   God  and  man  is. 
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For  US  science  teachers  the  interpretation  of  this  verse  may  be 
this:  Shall  we  take  this  growing  child,  full  of  enthusiastic  life,  and, 
leading  him  to  the  little  flower,  teach  him  to  say  in  his  heart : 

I,  the  scientist,  sharp  sighted,  clear  minded,  logical,  keenly  analyti- 
cal, I  will  pluck  you,  little  flower,  and  having  murdered  you  and 
taken  you  out  of  your  home  and  into  my  laboratory,  I  will  chop  you 
to  bits  and  dissect  you  and  examine  you  under  my  microscope ;  and 
when  I  shall  have  concluded  the  autopsy,  I  should  know  at  examina- 
tion time  whether  a  professional  botanist  would  classify  you  as  a 
monocotyledon  or  as  a  dicotyledon. 

Oi*  shall  we  science  teachers  take  this  growing  child,  full  of 
enthusiastic  life,  and»  leading  him  to  the  little  flower,  teach  him  to 
say  in  his  heart : 

I,  the  poet,  the  seer,  the  man  who  stands  closest  to  Nature  and 
feels  most  keenly  the  pulsations  of  her  mighty  heart,  I  will  observe 
your  life,  little  flower,  and  will  watch  ,you  grow  in  the  home  where 
you  have  been  planted ;  and  I  will  try  to  discover  what  you  can  give 
to  the  great  world  abcftit  you,  and  what  that  world  can  give  to  you ; 
and  when  I  shall  have  done  this,  I  should  know  what  God  and 
man  is. 


ICX)  NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION        [DEC.  27 

Section  B— BIOLOGY 

PLANT  PHT8IOLOOT  IK  SECOVDART  SCHOOLS 
BY  JOSEPH   Y.   RERGEN,  CAMBRIDGE,   MASS. 

A  paper  on  this  subject  might  properly  .deal  both  with  what  is 
and  what  should  be  taught.  Adequately  to  treat  the  former  topic 
would  demand  more  time  and  labor  in  the  collection  of  data  than 
the  speaker  has  been  able  to  command.  A  word,  however,  may  here 
be  given  to  the  present  status  of  plant  physiology  in  high  schools. 

I    What  is 

Here  and  there  a  school  may  be  found  in  which  the  subject  of 
plant  physiology  receives  considerable  attention,  but  in  general  it  is 
not  well  taught.  The  pupil  learns  incidentally  a  good  deal  about 
the  things  which  plants  do  but  not  much  about  how  or  why  they 
do  them.  If  a  little  laboratory  work  upon  germination  is  done  it 
is  only  enough  to  illustrate  the  fact  that  seeds  sprout  and  develop 
into  seedlings.  The  conditions  necessary  for  germination,  the  won- 
derful change  of  the  seedling  from  almost  a  saprophytic  lo  a  photo- 
synthetic  mode  of  nutrition  are  taken  for  granted  or  ignored.  Xo 
studies  are  made  of  the  interrelations  of  the  endosperm  (when 
present)  and  the  embryo  or  of  the  mode  of  development  and  rate 
of  growth  of  the  latter.  All  the  phenomena  of  irritability- in  plants 
are  dismissed  with  little  more  than  a  mere  mention,  nutritive 
processes  are  hastily  summarized  and  reproduction  is  regarded  as 
of  interest  mainly  as  the  function  which  has  called  into  existence 
showy  floral  structures  that  may  be  "  analyzed."  All  the  way 
through,  the  pupil  is  required  to  do  little  more  with  the  fundamental 
affairs  of  plant  life  than  to  read  statements  about  them  and  retell 
these  in  his  own  language.  Least  of  all  is  he  required  to  vary  the 
condition  of  the  plant's  existence  until  he  has  found  out  for  himself 
the  principal  factors  in  some  of  its  life  processes  and  the  upper  and 
lower  limits  of  temperature,  light,  moisture  and  so  on  under  which 
it  can  exist. 

In  other  words,  the  teaching  of  plant  physiology  is  in  many  cases 
very  meager  and  wholly  textual  and  formal.  To  discuss  the  causes 
for  this  state  of  affairs  would  lead  one  no  little  way  into  the  history 
of  botany  and  of  science  teaching  in  general  during  the  19th  cen- 
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tury.  It  is  to  be  feared  that  one  reason  why  the  dynamics  of  the 
plant  world  receive  such  scant  attention  is  because  it  is  more  trouble 
to  give  instruction  on  that  side  of  botany  than  on  some  others. 
Teachers  have  said  to  me :  "  1  do  not  care  to  do  much  physiological 
experimenting ;  somehow  it  seems  to  me  too  hard  to  be  sure  whether 
the  results  are  correct  or  not.  Then  it  is  discouraging  for  the  class 
to  have  experiments  fail."  It  is  needless  to  ask  how  one  would  rate 
the  chemistry  or  physics  teacher  who  made  such  a  remark.  Plant 
chemistry  and  plant  physics  are  doubtless  in  part  more  difficult 
subjects  than  either  science  in  its  relation  to  nonliving  matter. 
There  is,  then,  all  the  more  reason  for  doing  elementary  laboratory 
work  to  illustrate  the  simpler  manifestations  of  energy  in  the  living 
plant  body.  It  may  be  granted  that  a  moderate  proportion  of  one's 
physiological  experiments  will  usually  fail  —  what  of  it  ?  The  most 
instructive  experiment  which  I  ever  performed  was  a  failure.  A 
plant  of  Ficus  elast.ica  had  been  under  observation  for  a 
week  or  two  in  a  set  of  measurements  of  transpiration.  Finally  it 
was  watered  to  the  point  of  filling  the  pot  up  to  the  lid  which  was 
cemented  to  its  top.  Instead  of  transpiring  more  abundantly  the 
plant  suddenly  ceased  to  lose  water  through  its  leaves.  Day  after 
day  it  was  re  weighed  with  the  same  result,  until  a  yellowing  leaf  at 
once  gave  the  clue  to  the  situation.  It  was  dead,  and  dead  plants 
do  not  transpire. 

2   What  ought  to  be 

No  one  can  lay  down  a  course  in  plant  physiology  which  the  high 
schools  should  be  expected  to  follow  in  detail.  Botany  in  some 
schools  is  studied  for  18  or  20  weeks  and  in  others  for  a  year  and  a 
half.  Its  place  in  the  curriculum  is  anywhere  from  the  first  to  the 
last  year.  These  facts  alone  would  make  it  difficult  to  prescribe 
the  kind  and  amoimt  of  work  that  should  be  done.  But  there  is  an 
additional  difficulty  which  arises  from  the  fact  that  biological  studies 
are  so  largely  conditioned  by  the  enyironmeirt.  The  physiologico- 
ecological  problems  of  the  New  England  coast  would  many  of  them 
mean  little  to  the  St  Louisian  and  still  less  to  the  Arizonian.  As  the  * 
political  speaker  has  a  different  set  of.  promises  for  every  ward,  so 
the  judicious  botany  teacher  will  shape  his  courses  somewhat  with 
reference  to  the  natural  interests  of  his  pupils.  It  is,  however, 
possible  to  lay  down  some  rules  as  to  what  it  is  best  \vorth  while 
to  try  to  teach  and  how  it  may  be  taught. 

There  can  be  no  doubt  of  the  supreme  importance  of  the  physio- 
logical side  of  botany.     After  all,  structures  exist  only  for  the  sake 
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of  the  functions  which  they  can  perform  and  we  are  doing  the 
beginner  in  botany  a  radical  injury  if  we  let  him  for  a  moment  for- 
get this.  It  is  easier  to  keep  a  prepared  slide  than  a  gTowing  plant, 
easier  to  demonstrate  starch  grains  than  starch  manufacture  in  the 
cell,  but  that  does  not  excuse  the  teacher  for  dissipating  too  much 
histological  work.  To  me  at  least  it  seems  unlikely  that  we  shall 
often  make  the  mistake  of  giving  high  school  beginners  too  full  or 
too  accurate  an  idea  of  the  processes  of  plant  life.  Fortunately 
there  are  enough  good  laboratory  manuals  to  tell  the  teacher  what 
can  be  done  in  this  way  and  how  to  do  it.  The  office  of  a  paper 
like  the  present  one  is  mainly  to  discuss  the  relative  value  of  the 
several  departments  of  plant  physiolog}-  for  secondary  school  in- 
struction and  to  set  down  in  orderly  fashion  some  of  the  principal 
categories  under  which  the  subject  should  be  considered. 

In  a  general  way  it  is  evident  that  we  should  lay  most  stress  on 
the  processes  which  are  most  important  in  the  life  of  the  plant. 
But  some  of  these,  such  as  mitosic  division  of  the  nucleus,  are  far  too 
difficult  to  be  followed  in  detail  by  ordinary  high  school  pupils.  It 
therefore  becomes  necessary  to  modify  our  statement  and  to  say 
that  one  should  teach  those  topics  in  plant  physiology'  which  are  of 
great  intrinsic  importance  and  which  are  workable  under  secondary 
school  conditions.  Clearly,  following  this  course  will  throw  a  good 
deal  of  emphasis  on  the  activities  of  the  entire  plant  body  or  its 
organs  as  wholes  rather  than  on  intracellular  work.  It  will  also  lead 
us  as  far  into  physiological  ecology  as  the  principals  and  superin- 
tendents will  let  us  go.  The  fact  that  public  school  classes  can  not  be 
kept  many  hours  away  from  the  school  building  precludes  a  great 
deal  of  field  work.  Still  a  good  many  subjects  can  be  dealt  with  by  . 
means  of  reports  on  field  work  done  by  designated  members  of  the 
class,  sui>plcmented  by  laboratory  studies  made  by  the  entire 
division. 

Summing  up  the  subjects  in  plant  physiology  which  can  profitably 
be  handled  by  a  gcxxl  secondary  school  class  in  a  well  equipped  labo- 
ratory, they  may  be  grouped  somewhat  as  follows: 

1  (Growth  and  differentiation  of  the  plant  body,  from  the  seed  to 
the  mature  plant  with  seed  of  its  own.  Studies  of  the  external  de- 
vclo])nu'ntal  changes  undergone  by  the  plant. 

2  The  vegetative  work  of  the  plant.  Studies  of  the  nutritive 
activities  of  ])lant  tissues. 

3  Reproduction.  Studies  particularly  of  sexual  reproduction  all 
the  way  from  the  simplest  zygospore  formation  to  the  fertilization 
and  development  of  the  ovule  in  seed  plants. 
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4  Responses  of  the  plant  to  the  demands  of  its  environment. 
Studies  of  all  such  manifestations  of  irritability  as  help  the  plant 
to  adjust  itself  to  its  conditions  of  life.  Also  the  investigation  of 
some  such  plant  structures  as  seem  to  have  been  evolved  as  means 
of  protection  against  hostile  conditions.  This  may  seem  much  more 
ecological  than  physiological  study,  but  after  all  there  is  little 
except  the  floristic  and  the  geographical  side  of  ecology  which  is  not 
essentially  a  part  of  physiology. 

It  would  be  a  wearisome  and  time-consuming  labor  to  enumerate 
all  of  the  studies  and  experiments  which  might  be  undertaken  in 
carrying  out  the  course  of  plant  physiology  just  outlined.  But  it 
may  be  worth  while  to  suggest  a  few  of  the  most  important  topics 
to  be  dealt  with  under  each  of  the  four  heads  above  given. 

Under  the  first  come  studies  of  germinating  seeds,  investigating 
the  conditions  under  which  germination  is  possible  and  ascertaining 
the  optimum  amount  of  such  factors  as  air,  moisture  and  tempera- 
ture. The  rate  of  growth  of  the  organs  of  the  young  seedling 
may  be  measured  and  their  relative  extension  ,in  various  species 
compared,  with  discussion  of  the  differences  observed.  The  de- 
velopment of  leaf  buds  may  be  followed  through  one  season  and 
the  history  of  branches  traced  backward  through  many  seasons.  The 
origin  and  extension  of  conducting  and  strengthening  tissues  in 
root,  stem  and  leaf  may  be  partially  followed.  Evolution  of  flower 
buds  into  flowers  may  at  least  be  outlined. 

Under  the  second  head  the  amount  that  can  be  done  must  depend 
a  good  deal  on  whether  or  no  the  class  has  any  knowledge  of 
chemistr}'.  If  it  has,  the  whole  subject  of  jiutrition  may  be  taken 
up  in  an  elementary  way.  This  should  include  studies  of  the  sources 
of  the  raw  materials  of  the  plant  body,  of  the  osmotic  activity  of 
cells,  of  the  transference  of  liquids  throughout  the  plant  body,  res- 
piration, photosynthesis,  ant!  the  storage  and  subsequent  utiliza- 
tion of  reserve  materials. 

The  treatment  of  the  third  general  subject,  reproduction,  need 
not  be  discussed  in  detail.  It  is  perhaps  sufficient  to  say  that  a  con- 
siderable series  of  studies  of  its  simpler  forms nvill  greatly  clear 
up  the  student's  comprehension  of  what  the  process  really  signifies. 
It  is  perfectly  possible  to  deal  with  some  of  the  stc])s  in  the  evolu- 
tion of  reproductive  processes  even  in  courses  where  not  much  time 
is  spent  ui)on  the  study  of  sj^ore  plants.  This  can  only  be  done  by 
concentrating  the  nttcntion  upon  the  gametes,  minimizing  the  treat- 
ment of  other  stages  in  the  life  histories. 
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Undef  the  fourth  head,  responses  to  environment,  for  satisfactory 
work,  as  already  suggested,  much  of  it  must  be  done  in  the  field. 
This,  however,  would  in  any  case  need  to  be  largely  supplemented 
by  laboratory  studies,  and  some  topics  can  be  handled  entirely  from 
the  laboratory  side.  A  very  few  of  the  subjects  that  may  be  inves- 
tigated are  the  struggle  for  existence  among  buds  and  branches, 
the  influence  of  varying  degrees  of  illumination  on  foliage,  the  hiber- 
nacula  or  the  summer  resting  condition  of  perennial  herbs.  Much 
that  is  interesting  may  be  learned  about  the  structural  and  functional 
variation  of  xerophytes  under  widely  differing  conditions  as  regards 
water  supply.  Heliotropism  of  stems  and  leaves  and  the  changes 
of  leaves  and  flowers  from  the  diurnal  to  the  nocturnal  condition 
and  back  may  be  examined  in  a  quantitative  way.  For  the  pupils 
who  can  do  out  of  do6r  work,  even  with  a  single  flower  bed,  a  large 
amount  of  spring  study  can  profitably  be  devoted  to  the  actual  work- 
ing of  floral  arrangements  for  insect  pollination. 

But  it  is  needless  to  multiply  examples  of  the  many  points  of  view 
from  which  the  plant  may  be  approached  and  interrogated  as  to  its 
life  processes.  One  important  suggestion  is  that  every  member  of 
the  class  need  not  be  —  I  had  almost  said  must  not  be  —  given  just 
the  same  observations  to  make  and  the  same  problems  to  solve. 
Much  more  can  be  done  by  allowing  ^ome  liberty  of  election,  at  any 
rate  in  field  work. 

So  far  I  have  said  next  to  nothing  about  plant  physiology  as  ex- 
emplified by  the  lower  forms.  Of  course  the  activities  of  the  higher 
plants  are  so  much  more  varied  than  those  of  the  thallophytes  that 
the  fomier  afford  far  more  material  for  physiological  observations. 
It  would  be  difficult  to  put  in  figures  the  comparative  responsiveness 
of  a  Pleurococcus  cell  and  a  sensitive  plant,  as  they  ap])ear  to  the 
beginner  in  plant  physiology.  \x\Ci  yet  the  very  simplicity  of  the  Hfe 
of  the  less  differentiated  spore  plants  makes  them  admirable  material 
for  the  study  of  many  life  processes.  Such  subjects  as  osmosis  and 
plasmolysis  are  nowhere  better  illustrated  than  by  cells  of  Spiro- 
j^yra.  Ordinary  cell  division  and  multiplication  by  budding  are  well 
shown  by  Spirogyra  and  Saccharomvces  respectively.  \'arious 
niovements  such  as  ciliar>'  action,  ])hototaxis,  amoeboid  movements 
and  pr()toj)lasmic  streaming  are  best  shown  by  certain  s])ores  or 
sp(»re  plants.  The  series  of  ste])s  in  sexual  reproduction  which  cul- 
minates in  the  process  as  found  in  seed  plants  can  be  traced  from 
its  simplest  form,  as  exemplified  in  Spirogyra  and  the  desmids  to 
its  penultimate  stage  in  Selaginella, 
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Among  the  higher  spore  plants  there  can  be  found  many  remark- 
able degrees  of  adaptation  to  extreme  conditions  as  regards  water 
supply.  Most  of  the  so  called  water  ferns,  for  example,  are  true 
aquatics.  The  majority  of  our  common  ferns  are  denizens  of  moist 
woods.  But  some  ferns,  like  various  species  of  Notholaena,  Crypto- 
gamma,  Polystichum,  Cheilanthes  and  Pellaea  are  extreme  xero- 
phytes.  A  few  of  our  ferns  are  tolerant  of  full  sunlight,  many  prefer 
moderate  shade  and  some,  such  as  Cystopteris  fragilis 
and  Adiantum  Capill  us- Veneris,  flourish  in  the  mouths 
of  caverns  and  rock  shelters,  where  the  average  illumination  is 
probably  much  less  than  5  per  cent  of  that  of  unshaded  places. 

Dismissing  in  this  rather  hasty  way  the  outline  of  physiological 
processes  to  be  studied  and  of  material  to  be  employed,  there  remains 
for  discussion  the  manner  in  which  the  work  is  to  be  handled.  Here 
the  speaker  must  confess  himself  to  be  at  a  decided  disadvantage'. 
For  in  nearly  25  years  of  botany  teaching  it  has  been  his  misfortune 
always  to  have  had  to  do  without  any  laboratory  facilities  worthy 
of  the  name.  There  may  be  other  such  unfortunates  in  the  audience, 
teachers  who  have  also  been  victims  of  homemade  apparatus  and  of 
the  school  desk  masquerading  as  a  laboratory  table.  Experiences 
of  this  sort  lead  one  to  emphasize  as  indispensable  for  satisfactory 
results  the  use  of  an  adequate,  well  stocked  laboratory.  For  physio- 
logical work  most  important  requisites  are  well  regulated  tempera- 
ture, sunshine  and  (if  possible)  a  small  greenhouse  or  its  equivalent. 
Even  a  large,  heated  bay  window  with  waterproof  floor  and  an 
atmosphere  kept  thoroughly  moist  by  large  exposed  surfaces  of 
wet  sand  or  other  porous  material  will  answer.  It  must  be  kept 
in  mind  that  in  winter  the  air  of  rooms  heated  and  ventilated  in  the 
ordinary  manner  is  practically  desert  air,  capital  for  decided  xero- 
phytes  but  death  to  many  of  the  plants  best  worth  studying. 

In  the  way  of  expensive  apparatus  the  secondary  school  need  not 
provide  much  except  compound  microscopes,  a  clinostat  and  some 
moderately  sensitive  balances.  Fortunately  the  temperature  rela- 
tions of  plants  can  be  quantitatively  studied  with  a  chemical  ther- 
mometer, the  light  relations  with  a  watch  and  bits  of  sensitized 
paper  and  the  transpiration  rate  with  a  fairly  good  balance.  These 
are  only  typical  cxani])lcs  of  the  many  cases  in  which  actual  research 
of  scientific  value  can  be  accomplished  in  the  field  of  plant  physi- 
ology with  very  simple  appliances.  The  golden  mean  in  regard  to 
apparatus  is  to  give  the  pupil  enough  to  secure  good  results  but 
not  enough  to  spare  him  taking  pains  or  to  obscure  his  view  of  the 
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process  under  investigation  behind  too  complex  appliances  for 
observing  it.  Probably  most  high  school  pupils  would  not  observe  as 
carefully  or  as  long  remember  their  results  concerning  the  growth 
of  intemodes,  measured  by  a  self-recording  auxanometer  as  they 
would  such  values  as  could  be  secured  by  the  use  of  a  pair  of 
dividers  and  a  millimeter  scale. 

It  is  still  to  some  extent  a  mooted  question  whether  the  pupil 
should  be  told  beforehand  what  values  he  ought  in  any  given  experi- 
ment to  obtain.  Some  teachers  (otherwise  sane)  insist  that  it  is 
necessary  first  to  teach  the  correct  results  in  order  that  the  pupil 
may  not  obtain  for  himself  incorrect  ones  and  then  remember  them 
forever.  To  me  this  fear  has  always  seemed  baseless  and  many 
experiences  have  led  me  to  apprehend  much  more  danger  from 
setting  the  student  to  work  under  the  influence  of  preconceived 
ideas.  Many  years  ago  I  had  charge  of  the  physics  instruction  in 
an  important  fitting  school.  The  textbook  in  use  contained  a  cal- 
culation of  the  specific  heat  of  lead  in  which  a  wrong  value  was 
given  for  this  constant.  When  the  class  reported  their  determina- 
tions of  this  specific  heat,  a  large  number  of  the  results  closely 
approached  the  wrong  value  given  in  the  textbook.  Now  this  sort 
of  thing  does  not  necessarily  imply  a  deliberate  falsifying  of  notes. 
It  often  means  nothing  more  than  that  the  student  has  reread  his 
record  and  honestly  felt  that  there  must  have  been  some  mistake  in 
setting  down  data.  The  next  step  is  to  revise  these  so  as  to  elim- 
inate the  probable  error.  Any  of  us  who  have  had  enough  labora- 
tory training  to  have  acquired  the  habit  of  accepting  facts  on  experi- 
mental evidence,  without  the  evidence  of  some  other  person  to 
identify  them  for  us  as  facts,  find  it  hard  to  realize  the  state  of 
mind  of  the  pupil.  His  education  may  have  been  largely  linguistic 
and  (as  has  often  been  said)  he  knows  of  no  way  to  find  out  the 
truth  except  to  look  through  first  the  rules  and  then  the  exceptions 
of  his  grammar  or  its  equivalent.  Now  though  the  exi>erience  of 
most  of  us  would  doubtless  lead  us  to  set  laboratory  work  first  and 
textbook  statements,  with  discussion  of  results  afterward,  this  plan 
does  not  preclude  assistance  from  the  teacher  as  the  laboratory 
observations  are  in  progress.  It  is  an  indefensible  waste  of  time 
and  of  interest  in  the  sul)ject  to  let  a  student  spend  his  laboratory 
l^eriod  in  futile  attempts  to  get  things  going.  If  he  is  using  the 
compound  microscope  for  the  first  time  and  sketching  mainly  air 
hnhhlcs.  if  he  is  trying  to  plasmolyze  a  dead  Spirog^ra  cell,  he 
should  be  set  right  at  once.     The  frequent  presence  of  the  teacher 
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at  the  pupil's  elbow,  in  the  laboratory,  saves  much  waste  of  energy, 
minimizes  the  opportunities  for  copying  the  results  of  others,  and 
secures  thoroughness.  The  last  point  is  most  essential,  for  there 
are  few  temptations  which  more  frequently  beset  the  beginner  in 
any  kind  of  laboratory  study  than  the  tendency  to  be  too  easily  sat- 
isfied with  first  results.  In  discussing  with  pupils  the  results  of 
observations  and  experiments  on  yeast  cultures  made  at  home,  I 
have  found  that  immersing  a  test  tube  full  of  the  fermenting  mix- 
ture in  boiling  water  for  15  minutes  was  usually  reported  to  have 
caused  increased  production  of  gas.  This  result  was  given  by  the 
pupils  in  spite  of  the  written  direction  to  allow  the  mixture  after 
heating  to  remain  for'an  hour  or  more  in  a  warm  place.  Of  course 
the  tube  was  examined  while  it  was  in  the  boiling  water  or  upon 
withdrawal  from  it  and  not  looked  at  afterward. 

A  most  important  practical  question  that  at  once  confronts  the 
young  teacher  who  is  arranging  the  schedule  for  his  year's  work 
in  botany  is  how  to  divide  the  time  between  laboratory  and  class- 
room. Doubtless  the  former  should  have  a  good  deal  more  than 
half  of  the  time,  but  just  how  much  more  is  a  question  to  be  solved 
for  each  case  independently.  To  me  it  seems  that  the  young  and 
enthusiastic  teacher  is  rather  likely  to  overdo  the  laboratory  side 
of  the  instruction.  A  good  deal  of  experience  in  summer  school 
teaching  has  convinced  me  that  there  are  few  cases  of  congestion 
more  fatal  than  those  of  people  who  have  accumulated  a  large  mass 
of  notes  on  experiments  which  they  have  performed  in  more  or  less 
complete  ignorance  of  what  they  were  doing  and  why  they  were 
doing  it.  They  are  left  in  much  the  same  unhappy  condition  as  that 
of  Mr  Alcott  when  at  the  close  of  one  of  his  famous  conversations 
on  Emerson  and  the  Concord  transcendentalists  he  was  asked  by 
an  alert  Chicago  board  of  trade  man,  "  But  Mr  Alcott,  what  is  it 
all  for?"  Perhaps  as  good  a  rule  as  any  is  to  discuss  laboratory 
results  in  the  classroom  as  long  as  they  naturally  lend  themselves 
to  furnish  material  for  interesting  recitation.  Then  new  queries 
may  be  raised  and  the  class  be  put  in  an  expectant  attitude  so  that 
the  opix)rtunity  to  solve  the  new  problems  in  the  laboratory  will  be 
cordially  welcomed. 

In  conclusion  it  may  be  well  to  say  a  word  as  to  the  amount  of 
detail  and  the  thoroughness  with  which  the  subject  of  plant  physi- 
ology can  be  studied  by  high  school  classes.  Authors  diflFer  most 
radically  in  the  thoroughness  with  which  they  handle  the  funda- 
mental topics  of  this  subject.     In  some  high  school  textbooks  it  is 
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relegated  to  what  is  virtually  an  appendix,  while  in  a  few  it  con- 
stitutes the  leading  part  of  the  general  treatment  of  botany.  Taking 
specific  examples,  one  moderately  well  known  book  gives  no  more 
detailed  explanation  of  the  chemistry  of  photosynthesis  than  this: 
*' Carbon  dioxid  taken  from  the  atmosphere  is  somehow  used  up 
in  this  operation  [manufacturing  plant  food],  and  the  oxygen  which 
is  not  needed  by  the  plant  is  given  back  to  be  consumed  by  animals.'' 
Another  book,  rather  difficult  for  high  school  use,  gives  about  two 
and  one  half  pages  to  the  explanation,  makes  free  use  of  the  terms 
chloroplast  and  photosynthesis,  gives  the  chemical  composition  of 
carbon  dioxid  and  of  water  and  states  that  photosynthetic  work  is 
due  to  solar  energy.  A  still  more  striking  disparity  of  treatment 
can  be  found  in  the  case  of  the  subject  of  fertilization  in  angio- 
sperms.  One  author  gives  the  topic  (not  including  cross  fertiliza- 
tion) II  lines  without  a  single  cut,  while  another  gives  it  nine  pages 
with  12  elaborate  cuts.  The  latter  author  also  employs  the  most 
modern  terminology,  calling  the  pollen  grain  a  microspore,  the  two 
cell5  within  it  resulting  from  nuclear  division  a  male  gametophyte 
the  embryo  sac  a  megaspore,  and  the  ^%^  apparatus  with  accessory 
nuclei  a  female  gametophyte.  Between  such  extremes  of  treatment 
as  those  just  given  there  is  a  wide  range  of  choice  for  the  teacher. 
The  rigorousness  with  which  the  subject  of  plant  physiology' 
should  be  handled  in  the  high  school  ought  to  be  just  that  which 
will  bring  in  the  largest  returns  of  knowledge  of  the  subject  and 
training  of  the  student's  powers  without  overworking  him.  Any 
approach  to  what  ordinarily  passes  for  the  nature  study  method  of 
presentation  is  out  of  the  question.  Too  often  such  treatment  in  the 
lower  grades  has  left  the  pupil  saturated  with  the  idea  that  he  has 
"  had  "  botany,  physiology,  zoology  or  what  not  and  therefore  quite 
unwilling,  to  bend  his  energies  toward  learning  more  of  it.  On  the 
other  hand  it  would  be  most  unfortunate  if  the  subject  were  attacked 
in  such  fashion  as  to  call  for  more  reasoning  |K)vver  than  the  high 
school  boy  or  girl  has  developed  and  thus  become  thoroughly  repel- 
lent by  reason  of  its  real  difficulty.  Apparently  the  very  exactmg 
preparation  in  physics  demanded  by  some  college  entrance  require- 
ments has,  with  great  numbers  of  students,  resulted  in  leaving 
memories  of  the  course  as  one  long  nightmare.  Our  plant  physi- 
ology should  be  sufficiently  exacting  to  call  for  thoroughly  careful 
lalxiratory  work  and  subsequent  reading ;  it  should  stand  for  much 
in  the  way  of  developing  a  scientific  habit  of  mind,  but  it  need  not  — 
must  not  —  serve  to  make  the  plant  world  odious.     Rather  should 
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it  add  greatly  to  the  student's  interest  and  pleasure  in  the  society 
of  his  plant  neighbors.  If  we  can  arouse  in  our  students  ever  so 
little  of  that  enthusiasm  about  the  life  and  behavior  of  plants  which 
animated  such  diverse  investigators  as  Sprengel,  Delpino  and 
Miiller,  Humboldt,  Grisebach  and  Schimper,  Knight,  Darwin,  and 
Sachs  we  may  feel  that  our  teaching  has  not  been  in  vain. 


THE  ESTABLISHED  PBINCIPLES  OF  NATTTBE  STUDY 

(Abstract) 

BY  MAURICE  A.   BIGELOW,  TEACHERS  COLLEGE,  COLUMBIA  UNIVERSITY 

On  some  most  important  principles  —  in  fact  the  very  foundations 
of  nature  study  —  there  is  agreement  on  the  part  of  those  educators 
and  men  of  science  who  are  now  giving  close  attention  to  the 
progress  of  the  nature  study  movement. 

1  First,  we  have  reached  agreement  in  answer  to  the  question, 
"What  is  nature  study?" 

Nature  study  is  primarily  the  simple  observational  study  of  com- 
mon natural  objects  and  processes  for  the  sake  of  personal  acquaint- 
ance with  the  things  which  appeal  to  human  interest  directly. 

Professor  Hodge  has  defined  nature  study  as :  "  Learning  the 
things  in  nature  that  are  best  worth  knowing,  to  the  end  of  doing 
those  things  which  make  life  most  worth  living." 

Professor  Bailey's  conception  as  expressed  in  his  writings  is  that 
nature  study  is  the  direct  observational  study  of  common  things  in 
the  chiM's'environment  for  the  purpose  of  training  the  eye  and  the 
mind  to  see  and  to  comprehend  and  thus  to  gain  a  sympathetic  atti- 
tude toward  nature  for  the  purpose  of  increasing  the  joy  of  living. 

Analyzing  and  comparing  the  three  definitions  above,  there  is 
harmony  on  every  essential  point. 

The  following  points  are  essentials  in  the  best  current  theory  and 
practice  of  nature  study:  (i)  direct  observational  study.  (2)  com- 
mon things  of  nature,  (3)  from  the  standpoint  of  our  human  inter- 
ests in  nature  as  it  touches  our  daily  life  directly. 

2  The  second  established  principle  is  that  nature  study  should  be 
differentiated  from  science.  The  strong  tendency  of  recent  years  is 
to  reserve  the  word  science  for  strictly  organized  knowledge. 

Nature  study  is  primarily  the  simple  observational  study  of  com- 
mon natural  objects  and  processes  for  the  sake  of  personal  acquaint- 
ance with  the  things  which  a|)i)eal  to  human  interest  directly  and 
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independently  of  relations  to  organized  science.  Natural  science 
study  is  the  close  analytical  and  synthetical  study  of  natural  objects 
and  processes  primarily  for  the  sake  of  obtaining  knowledge  of  the 
general  principles  which  constitute  the  foundations  of  modem 
science.  Along  this  line  nature  study  for  the  elementary  schools 
is  being  rapidly  differentiated  from  the  true  science  of  high  schools 
and  colleges. 

3  In  essentials  the  great  aims  are  as  follows :  ( i )  To  give  gen- 
eral acquaintance  with  and  interest  in  common  objects  and  processes 
in  nature.  (2)  To  give  the  first  training  in  accurate  observing  as 
means  of  gaining  knowledge  direct  from  nature,  and  also  in  the 
simplest  comparing,  classifying  and  judging  values  of  facts;  in 
other  words,  to  give  the  first  training  in  the  simplest  processes  of 
the  scientific  method.  (3)  To  give  pupils  useful  knowledge  con- 
cerning natural  objects  and  processes  as  they  directly  affect  human 
life  and  interests. 

4  The  fourth  established  principle  of  nature  study:  There  is 
quite  general  agreement  that  there  is  one  fundamental  method  of 
teaching  nature  study,  and  that  consists  in  getting  the  pupil  to  see 
and  think  for  himself.  Upon  this  depend  the  two  of  the  three  aims 
above  stated  —  the  aim  for  sympathetic  acquaintance  and  the  aim  for 
training  in  thoughtful  observing.  Books  may  supplement  good 
nature  study. 

5  The  fifth  principle  refers  to  selection  of  materials  for  study. 
On  this  I  see  general  agreement  ff^r  the  proposition  that  we  should 
first  of  all  select  the  most  common  and  the  most  interesting  from 
the  viewpoint  of  everyday  life.  Hence  outlines  for  various  states 
will  vary  with  the  geographical  distribution  of  the  natural  things 
available  for  study.  But  following  the  alx)ve  principles,  the  general 
educational  result  will  be  independent  of  the  particular  materials 
studied. 

6  The  principles  of  child  study  must  be  recognized  by  teachers 
of  nature  study.  This  will  force  4lie  |)r()|)er  differentiation  from 
science  of  the  higher  schools. 

These  are  the  established  t(uide|)()sts  which  definitely  mark  the 
pathway  of  educational  nature  study.  Progress  or  retrogression  in 
the  future  will  depend  upon  our  application  in  ])racticc  of  these 
established  principles  in  theory.  We  have  now  reached  agreement 
upon  the  working  theory  of  nature  study,  the  way  is  clearly  defined, 
and  the  time  has  come  for  concerted  action  in  practice.  It  is  a  seri- 
ous ([uestion  whether  nature  sti^dy  is  ever  to  be  firmly  established 
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and  universally  recognized  as  an  integral  part  of  every  elementary 
school  course  of  study.  The  answer  will  be  found  in  our  future 
application  of  the  principles  now  agreed  upon.  And  in  turn  the 
success  in  practice  will  depend  altogether  upon  the  training  of  the 
teachers.  It  is  a  very  significant  and  hopeful  fact  that  wherever 
nature  study  guided  by  the  established  principles  is  presented  by 
well  trained  teachers  it  is  now  recognized  as  an  all  essential  part 
of  a  rational  and  liberal  elementary  education. 


THE  TEACHING  OF  BIOLOGICAL  SCIENCES  IN  SOME  OF  THE  HIGH  SCHOOLS 
IN  NEW  TOBX  STATE 

BY  LESTER  B.  GARY,  CENTRAL   HIGH  SCHOOL,  BUFFALO 

It  was  desired  to  know  what  uniformity  there  is  in  the  teaching 
of  the  biological  sciences  in  the  high  schools  of  New  York  State. 
A  list  of  questions  was  sent  to  about  50  schools  including  those  of 
New  York  city  and  Syracuse,  as  I  was  ignorant  of  the  fact  that 
representatives  from  these  places  had  consented  to  speak  of  their 
work  at  this  meeting.  So  my  paper  will  deal  largely  with  the  con- 
ditions of  the  work  in  19  high  schools  outside  of  New  York  city 
and  Syracuse. 

More  or  less  complete  replies  were  received  from  30  teachers,  and 
I  wish  to  express  my  hearty  at)')reciation  of  the  kindness  of  those 
who  answered  my  questions  with  considerable  trouble  to  themselves. 

Perhaps  the  chief  interest  in  this  paper  lies  in  the  question  as  to 
how  many  schools  outside  of  New  York  city  are  giving  a  first  year 
course  in  general  biology. 

Of  those  reporting,  we  find  that  seven  are  giving  the  course,  while 
two  of  these  give  additional  half  year  courses  in  botany  and  zoology 
or  physiology.  Eleven  other  schools  give  separate  half  year  courses 
in  botany,  zoology  and  physiology,  while  one  gives  botany  and 
physiology  but.  no  zoology.  Rochester  leads  in  giving  an  entire 
year's  course  in  zoology  and  one  in  botany. 

So  far  as  I  can  learn,  only  two  schools  not  giving  a  course  in 
general  biology,  teach  zoology  and  botany  the  first  year.  All  of 
the  others  give  these  studies  as  cither  required  or  elective  in  the 
second,  third  or   fourth  year. 

The  question  of  age  naturally  depends  largely  on  the  courses 
given.  In  the  schools  oflFering  only  general  biolog}'^  in  the  first 
year,  the  pupils  arc  the  youngest.  Four  schools  reix)rt  pupils  as 
young   as    12   years   though   by    far    the   majority   are   about    14. 
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that  under  this  rule  the  better  pupils  may  become  discouraged,  the 
poorer  ones  feel  they  have  very  little  chance,  and  the  work  become 
degenerate  ?  The  grading  of  notebooks  ought  to  be  a  relative  matter 
in  each  class.  A  large  number  of  the  best,  most  able  and  conscien- 
tious members  of  the  class  ought  to  be  able  to  obtain  the  grade  20 
while  medium  and  poorer  pupils  should  of  course  receive  less. 

As  a  result  of  this  agitation  for  marking  notebooks  on  five  differ- 
ent points,  a  teacher  of  long  experience  and  great  success  has  ex- 
pressed the  desire  to  do  the  laboratory  work,  make  the  notebooks 
but  not  submit  them  for  credit  in  the  examination. 

One  difficulty  is  that  the  faithful,  conscientious  teacher  will  mark 
every  mistake  and  find,  to  his  sorrow,  that  his  notebooks  have  low 
marks  while  a  more  careless  teacher  will  pass  over  many  of  these 
same  mistakes,  and  his  pupils,  with  the  same,  or  even  much  poorer 
work  will  have  better  grades. 

Therefore  I  wish  to  protest  against  too  much  machine  work  in 
our  grading.  An  entirely  practical  aim  is  to  compile  notebooks  that 
will  be  presentable  and  acceptable  to  college  authorities. 

J  myself  am  working  toward  a  system  of  outlines  similar  to  those 
used  in  botany  —  a  different  one  for  each  animal.  These  are  typewrit- 
ten and  the  students  fill  in  the  answers  to  the  questions.  Sometimes 
they  copy  the  outline  from  the  board  and  fill  in  the  answers.  It  m^.y 
be  urged  that  this  system  is  too  mechanical,  but  it  seems  to  secure 
some  degree  of  accuracy  and  uniforniity. 

A  surprising  uniformity  exists  in  the  matter  of  excursions.  Only 
two  report  none  at  all,  while  16  schools  are  in  favor  of  them.  Both 
free  and  compulsory  excursions  seem  to  be  the  rule.  The  reasons 
for  optional  field  work  are  because  of  expense,  because  of  their 
occurrence  on  Saturday,  or  because  pupils  are  employed  after  school 
hours.  In  the  Albany  school  there  is  no  compulsory  field  work,  but 
the  pupils  are  encouraged  to  make  observations  as  they  go  to  school. 

Port  Jervis  aims  to  have  pupils  collect  as  much  of  their  own 
botany  material  as  possible.  Nyack  makes  one  excursion  for  plants 
and  one  for  animals.  Foughkeepsie  has  definite  aims  for  field  work 
as  observation  of  autumn  conditions  of  trees,  collecting  or  pleasure. 
On  the  other  hand  one  teacher,  strange  to  say,  has  no  excursions 
unless  he  is  near  a  large  museum.  Perhaps  the  wisest  one  has  field 
work  every  Saturday  during  j)leasant  weather,  and  then  when  the 
stormy  days  come  turns  them  all  to  indoor  laboratory  work. 

The  answers  concerning  the  phase  of  the  subject  most  empha- 
sized showed  the  greatest  diversity  of  methods  and  marked  individu- 
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ality  of  treatment.  They  ranged  all  the  way  from  the  teacher  who 
follows  the  syllabus  literally,  to  the  one  who,  with  a  broad  view  of 
the  subject,  seizes  the  great  underlying  principles  and  makes  them 
live  in  the  minds  of  his  pupils. 

One  teacher  of  general  biology  emphasizes  the  physiological  rela- 
tions throughout  the  course ;  two  others  depend  largely  on  experi- 
mental work  in  physiology,  finding  that  pupils  learn  easily  from 
simple  experiments.  One  teacher  is  very  enthusiastic  over  labora- 
tory work  in  physiology  while  another  condemns  it  with  equal  vigor. 

In  botany  one  t«acher  emphasizes  gross  structure  of  types  forming 
an  outline  of  plant  life.  Another  pays  greatest  attention  to  the 
physiological  aspects,  especially  of  flowering  plants,  eliminating 
algae  and  fungi  because  few  of  her  pupils  will  ever  find  their  knowl- 
edge of  them  useful.  A  third  eliminates  all  technical  and  what  he 
considers  uninteresting  matter  such  as  flower  analysis  and  chemistry, 
paying  most  attention  to  drawings  of  roots,  seedlings  and  so  forth. 
While  still  another  gives  only  sufficient  anatomy  for  the  classifica- 
tion of  the  plant.  Lastly  one  teacher  emphasizes  plant  fertilization 
as  an  introduction  to  animal  reproduction. 

In  zoology  different  teachers  put  their  greatest  force  into  teach- 
ing physiological  relations;  biological  aspects,  such  as  mimicry  and 
adaptation ;  anatomy  leading  to  taxonomy ;  frogs  and  insects ;  living 
animals ;  haunts  and  habits.  For  myself.  I  consider  it  very  neces- 
sary that  the  pupil  see  the  specimen,  and  where  an  animal  has  a 
metamorphosis  to  show  the  complete  life  history.  For  instance,  in 
the  study  of  the  frog,  the  pupils  draw  from  actual  specimens,  four 
stages  beside  the  egg. 

The  general  aims  of  teachers  are  as  varied  as  their  methods. 
Gloversville  aims  to  study  the  subject  from  the  nature  study  point 
of  view  rather  than  the  developmental  side,  and  in  order  to  develop 
their  powers  of  seeing  things,  dwarfed  by  too  much  learning  from 
books,  has  many  observation  lessons  in  class.  On  the  other  hand, 
while  placing  most  emphasis  on  specimen  work,  another  teacher 
thinks  some  study  of  the  book  should  precede  study  of  the  specimen. 
Utica  teaches  patience  by  reqistiring  pupils  to  focus  their  own  micro- 
scopes, and  mounts  bad  as  well. as  good  work  on  the  boards  for 
display,  finding  the  pupils  will  discover  their  own  mistakes  from 
comparison. 

Jamaica  believes  in  training  the  powers  of  observation,  and  in 
leading  pupils  to  make  thoughtful  deductions.  Poughkeepsie  teaches 
adaptation  of  structure  to  function,  and  environment  and  an-'^  at  a 
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cultural  value  in  the  growth  of  mind  and  heart  as  a  result  from  an 
understanding  sympathy  with  nature;  and  believes  that  a  discovery 
made  for  one's  self,  leads  to  self-reliance  and  to  thoughtfulness  for 
the  rights  of  others.  Lafayette  High  School  strives  for  accurate 
and  complete  work  and  the  teacher  aims  to  make  the  subject  as  rich 
as  possible  in  content.    Rochester  stands  for  investigation. 

The  statistics  I  have  given  show  that  a  little  over  one  third  of  the 
reporting  schools  outside  of  New  York  city  give  general  biolog>'. 
For  this  condition  of  affairs,  principals,  superintendents  and  boards 
of  education  are  largely  responsible.  They  will  probably  shift  the 
responsibility  on  the  general  public  and  the  taxpayer  for  failing 
to  supply  sufficient  laboratory  space,  employing  enough  new  teach- 
ers so  that  each  one  who  teaches  the  subject  may  have  time  enough 
to  do  successful  laboratory  work.  An  example  in  point  is  a  teacher 
who  has  taught  botany,  zoology  and  physiology  for  over  lo  years 
without  having  as  much  as  a  faucet  or  sink  in  her  room. 

Right  here  I  wish  to  express  my  appreciation  of  the  subject-matter 
of  the  biology  courses  in  the  syllabus,  in  giving  a  wide  range  of 
choice  of  subjects,  eliminating  a  great  deal  of  dissection,  and  the 
substitution  of  more  interesting  work,  making  it  a  great  improve- 
ment over  the  preceeding  syllabus. 

Doubtless  many  teachers  would  be  glad  to  give  the  course  in 
general  biology  because  they  could  then  employ  all  their  time  with 
biology  and  not  be  obliged  to  teach  other  subjects,  if  they  had  the 
consent  of  their  school  authorities. 

On  the  other  hand  some  teachers  object  to  the  course  because 
the  pupils  are  too  young,  and  this  is  my  objection.  Another  thinks 
it  needs  too  great  a  knowledge  of  chemistry,  and  too  much  material, 
meaning,  I  suppose,  too  many  topics.  A  Brookryn  teacher  says  there 
is  too  limited  time  for  fundamental  features  of  fundamental 
branches. 

I  can  conceive  that  it  would  be  difficult  to  keep  the  physiological 
unity  of  the  course  in  mind,  and  the  presentation  of  the  subjects 
appears  incomplete  and  unsatisfactory  to  a  teacher  who  has  l>een 
giying  a  half  year  to  each  branch.  One  teacher  writes  most  earn- 
estly of  the  need  of  one  textlx)ok  covering  the  whole  course  and 
uniting  it.  Were  it  not  for  the  difficulties  of  teaching  young  pupils 
the  use  of  the  microscope,  T  should  like  to  teach  general  biology 
by  beginning  with  unicellular  plants  and  animals,  following  the 
logical  order,  and  using  plants  and  animals  alternately,  or  as  best 
suited  to  the  topic  in  hand  and  ending  with  human  physiology. 
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But  for  one,  I  very  much  object  to  giving  up  my  older  pupils  in 
the  junior  and  senior  years  in  zoology.  I  have  had  a  few  of  the 
younger  sort  and  they  do  not  know  how  to  see  or  how  to  draw,  and 
don't  do  good  work  in  general.  Their  interest  may  be  keener,  but 
their  visible  results  are  poorer. 

The  principal  objection  I  have  to  general  biology  in  the  first 
year  is  that  it  has  been  substituted  by  the  Regents  for  half  a  year 
of  botahy  and  zoology  usually  given  in  the  junior  and  senior  year, 
for  pupils  preparing  for  training  school.  Such  advanced  pupils 
have  learned  to  draw  well  and  have  so  matured  that  they  can  do 
good  work  and  appreciate  the  principles  involved.  In  schools  where 
conditions  do  not  allow  general  biology  to  be  given,  a  pupil  fitting 
for  training  school,  can,  by  a  ruling  of  the  Regents,  substitute  botany 
and  physiology  for  general  biology,  thus  entirely  doing  away  with 
zoology  as  a  requirement  for  training  school  candidates,  unless  the 
teacher  can  manage  to  work  in  a  few  scraps  of  zoology  in  the 
physiology  course. 

But  many  bright  pupils  pass  physiology  in  the  annexes  or  upper 
grades  before  they  enter  the  high  school  proper  and  have  largely 
forgotten  it  before  the  senior  year.  Thus  we  will  have  no  oppor- 
tunity to  teach  these  pupils  zoolog)-  or  physiology  with  the  labora- 
tory appliances  of  our  high  schools. 

When  it  becomes  generally  known,  as  it  will  be  soon,  that  zoology 
is  not  absolutely  required  for  entrance  to  training  school,  very  few 
girls  will  take  it,  for  many  of  them  have  a  natural  and  acquired 
aversion  to  the  study  of  animals. 

In  view  of  the  great  stress  laid  upon  nature  study  nowadays, 
pupils  intending  to  enter  training  schawl  ought  to^be  required  to 
study  zoology  as  well  as  botany,  for  those  who  do  not  will  be  at  a 
great  disadvantage.  As  Mrs  Comstock  told  the  association,  "  The 
one  great  obstacle  to  the  introduction  of  nature  study  in  the  schools 
has  been  that  the  teachers  were  not  prepared  to  teach  it  and  were 
afraid  to  undertake  it." 

So  I  think  that  we,  as  an  association,  should  most  respectfully  ask 
the  Regents  to  reconsider  this  ruling  allowing  any  substitute  for 
zoology  in  the  requirements  for  entrance  to  training  schools.  There- 
fore : 

Resolved,  That  because  of  the  importance  of  nature  study,  pupils 
for  training  schools  should  be  allowed  to  make  no  substitutions  in 
entrance  credits,  for  botany  and  zoolog}-.  when  they  can  not  offer 
general  biology. 
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BIOLOGICAL   SCIENCES  IN   SYBACTTSE  HIGH  SCHOOL 
BY   GEORGE   T.    HAKGITT,    SYRACUSE   HIGH    SCHOOL 

The  following  biological  sciences  are  taught:  a  year  course  in 
advanced  zoolog>%  a  year  course  in  advanced  botany,  both  of  these 
optional,  and  a  half  year  course  in  human  physiology  which  is 
required. 

The  zoology  and  botany  come  not  earlier  in  the  school  curriculum 
than  the  second  year,  and  very  often  the  majority  are  from  the  third 
or  fourth  year.  The  age  of  the  students  varies  from  15  to  i8  years. 
The  time  spent  is  seven  or  eight  periods  each  week,  the  periods 
being  40  minutes  in  length.  In  zoology  there  are  three  recitations 
and  four  or  five  laboratory  periods,  and  in  botany  four  recitations 
and  three  or  four  laboratory  periods.  At  least  two  of  the  laboratory 
exercises,  in  both  zoology-  and  botany,  are  consecutive  or  double. 
If  possible  all  are  so  arranged. 

Zoology.  The  various  phases  of  the  subject  are  considered. 
In  the  laboratory  morphology,  of  course,  takes  the  main  place, 
though  this  is  made  comparative;  and  physiology,  development, 
adaptations  of  structure,  classification  etc.  receive  as  much  atten- 
tion as  possible.  In  the  recitation  some  time  is  taken  for  an  oral 
quiz  upon  the  work  done  in  the  laboratory.  Then  questions  of  life 
histor}',  function,  ecology,  evolution,  economic  relations,  classifi- 
cation etc.  are  discussed.  The  class  exercises  are  planned  to  be 
discussions  instead  of  mere  rccitatiOiis.  Often,  lectures  are  given 
by  the  instructor,  both  with  and  without  the  accompaniment  of 
lantern  slides.  Standard  reference  books  and  several  textbooks  are 
referred  to  constantly  by  the  students,  and  at  times  special  topics  — 
especially  upon  economic  points,  evolution,  and  development  —  are 
assigned  to  students  for  study,  report  to  class,  and  discussion.  Field 
work  so  far  has  been  optional,  sometimes  in  classes  and  sometimes 
individually  with  questions  suggested  and  the  course  of  study 
directed  by  the  teacher.     Reports  of  field  work  are  always  required. 

Botany.  In  botany  the  work  of  the  first  term  is  chiefly  physio- 
logical. Kxix^riments  are  performed,  sometimes  individually  and 
sometimes  by  the  teacher  in  the  foriii  of  demonstrations.  ThCvSe 
cover  the  main  life  processes  of  plants.  Tn  the  second  half  of  the 
year  nir)rpholoL;y  is  em])basize(l.  especially  comparative  morphology 
to  illustrate  evolution.  Rcology  is  taken  up  with  seasonable  topics. 
Systematic  botany  is  touched  upon  in  connection  with  the  study  of 
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flowering  plants,  and  economic  topics  come  up  incidentally.  Con- 
siderable collateral  reading  is  done  by  the  students.  As  a  rule  this 
is  voluntary  though  some  is  required  and  reports  upon  it  expected. 
Lectures  wit|;i  slides  are  given  several  times  a  term.  Field  trips  are 
taken  both  in  the  spring  and  in  the  fall.  These  are  not  required. 
Outlines  are  furnished  beforehand,  suggesting  the  important  points 
to  look  for.     Reports  are  required. 

Physiology.  A  half  year  of  human  physiology  is  required  of 
all  students  in  the  first  half  of  the  first  year,  that  is,  those  just 
entered  from  the  grammar  school.  The  course  followed  is  modified 
from  the  Regent's  syllabus,  and  the  students  try  our  school  exami- 
nations only.  The  time  spent,  at  present,  is  three  periods  a  week, 
two  recitations  and  one  laboratory  exercise.  Physiology  is  empha- 
sized and  anatomy  sul)ordinated.  Hygiene  is  touched  upon  as  a 
natural  application  of  the  experiments  performe.d.  The  laboratory 
work  is  experimental,  covering  ground  similar  to  that  outlined  in 
several  of  the 'laboratory  manuals.  Such  experiments  as  tests  of 
foods  for  the  presence  of  the  various  fcx)dstuffs,  study  of  oxygen, 
the  chemistry  of  respiration,  are  individual.  More  difficult  ones,  as 
osmosis,  digestion,  study  of  bacteria,  are  demonstrated  by  the 
teacher.  Taken  in  this  way  the  course  is  made  more  interesting 
and  practical,  and  at  the  same  time  less  superficial. 

Biology.  A  series  of  circumstances  has  prevented  the  intro- 
duction of  the  first  year  biology  course  in  our  school.  Among  them 
may  be  mentioned  first  the  ver\'  serious  problem  of  the  proper  dis- 
position and  conduct  of  the  large  classes  —  about  300  —  which  enter 
twice  a  year,  the  school  already  being  overcrowded.  Again  and 
nx)re  vital  is  a  dissatisfaction  with  the  course  itself.  While  called 
biolog)'  it  is  outlined  as  three  courses,  viz :  elementary  botany,  ele- 
mentary zoology,  physiology  and  hygiene.  Furthermore  these 
courses  are  made  distinct  and  separate.  Of  course  there  is  no  ob- 
jection to  the  unification  of  these  by  the  teacher,  but  without 
sj>ecially  trained  teachers,  examinations  ihade  distinctly  biological, 
and  textbooks  written  from  a  strictly  biological  viewpoint,  the  course 
will  be  taught  as  outlined.  Indeed  so  far  as  I  have  observed  or 
heard,  it  is  at  present  taught  as  three  distinct  courses.  Fven  with 
trained  teachers  and  other  conditions  favorable  the  unifying  of 
three  disjointed  courses  would  be  a  matter  of  no  little  difficulty. 

Another  very  serious  objection  to  the  outlined  course  or  even  to 
a  true  bioloirjcal  course  in  the  first  year  of  the  high  school,  is  the 
tenrlcncy  to  superficiality.     The  objection  may  be  raised  that  the 
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course  need  not  necessarily  be  superficial,  but  this  is  answered  by 
the  fact  that  it  is  so  taught.  I  have  had  reports  of  the  work  as 
taught  in  some  of  the  schools.  In  some  places  it  is  admitted  that  the 
course  is  pursued  merely  as  nature  study.  From  other  places  the 
report  has  come  that  the  course  is  well  liked  by  the  students,  and 
furnishes  an  interesting  "  diversion  "  for  tnem.  The  center  of  in- 
terest was  stated  to  be  in  the  test  tube  experiments  with  oxygen 
etc.  Undoubtedly  the  burning  of  phosphorus  or  a  watch  spring  in 
a  jar  of  oxygen,  or  the  change  of  color  in  Fehling's  solution  w^hen 
boiled  with  grape  sugar,  would  be  a  novelty  to  the  students  and  of 
course  well  liked.  But  nothing  was  claimed  by  the  teacher  as  to 
real  scientific  value  or  enthusiasm.  Nor  was  mention  made  of  a 
satisfactory  understanding  and  application  of  the  phenomena  men- 
tioned, or  of  any  other  part  of  the  course. 

Recently  I  had  an  example  of  the  results  of  the  course  as  now 
taught  in  some  of  the  schools.  A  boy  taking  the  biology  course  in 
another  city,  entered  our  school  about  the  12th  week.  He  came  to 
my  advanced  zoology  class  and  asked  to  be  registered.  Since  he 
had  no  notebook,  I  questioned  him  as  to  what  he  had  done.  I  found 
that  he  had  "  finished,"  as  he  said,  the  study  of  the  grasshopper, 
butterfly,  spider,  crayfish,  earthworm,  clam,  starfish,  sea  anemone, 
and  was  nearly  "  through  "  the  frog.  Thus  he  had  done  in  12 
weeks  about  what  T  expected  to  study  with  the  advanced  zoology 
class  in  40  weeks.  From  further  questions  as  to  how  the  forms  had 
been  studied  it  was  evident  that  he  was  satisfied  that  he  had  about 
completed  the  study  of  zoology  and  was  ready  for  the  study  of 
botany.  He  had  no  conception  of  the  real  meaning  or  value  of  the 
study,  and  his  knowledge  of  facts  was  very  vague  and  superficial. 
At  least  one  other  like  example  has  come  to  my  attention  this  fall. 
In  this  case  the  notebook  was  presented  and  the  work  found  to  be 
simply  nature  study  and  very  superficial.  This  boy  was  allowed  to 
enter  the  zoology  class,  but  will  be  comi)elled  to  drop  out  at  the  end 
of  the  term.  He  apparently  has  little  knowledge  of  even  the  forms 
he  has  previously  studied. 

The  main  value  and  training  which  come  from  the  thorough  study 
of  a  carefully  constructed  science  course,  is  entirely  lost  by  such 
teaching. 
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Smion  C— liARTH  SCIENCP: 

Xli£   SIUDV    OF  MlirSRALt   AND   BOCSB  IN  PHYSICAL  OEOOBAPHT  IN  THE 

HIGH  SCHOOL 

HV  C.   II.   HICUARDSON,  SYRACUSE  UNIVERSITY 

Tiic  sul)jcct  assij^ned  for  my  brief  address  before  Section  C, 
Xcw  York  Science  Teachers  Association,  is  largely  one  of  neglect, 
it  i>  a  niaiter  of  deep  personal  interest  to  many  of  us,  though  not  to 
all.  It  may  have  been  wilfully  neglected  because  the  teacher  saw 
neither  the  mental  discipline  nor  the  utilitarian  value  that  lies 
hidden  therein.  It  may  have  arisen  in  other  instances  either  from 
want  of  time  to  devote  to  the  subject  or  from  the  lack  of  laboratory 
facilities  witii  which  to  carry  on  the  work. 

Some  of  you  may  feel  that  the  subject  has  no  place  in  a  program 
of  this  character  or  in  a  high  school  curriculum,  that  the  first  part 
of  the  subject  should  be  relegated  to  the  domain  of  mineralogy  to 
be  taught  by  the  extreme  specialist  in  the  junior  or  senior  year  in 
the  various  colleges  and  universities;  that  the  second  part  of  the 
subject  might  better  be  divided  between  the  university  professors  of 
geology  and  petrography.  Therefore  some  of  you  may  say  that 
il  is  not  geography  and  that  it  has  no  place  in  a  high  school  or 
academy  curriculum. 

It  is  my  i)urpose  to  shoXv  you  in  a  terse  discussion  that  this 
subject  is  one  of  intrinsic  value  and  one  well  worthy  of  a  definitely 
allotted  time  out  of  the  40  weeks  of  the  school  year.  The  vast 
majority  of  our  secondary  school  pupils  never  enter  college  or  push 
their  way  forward  to  a  professional  career.  They  seem  contented 
with  the  e(|uipment  of  a  high  school  training,  yet  many  fall  short 
even  of  that  goal.  Shall  we  withhold  from  such  the  mysteries  of 
earth  science  or  reveal  to  them  some  knowledge  of  the  composition 
and  structure  of  the  earth  on  which  we  live  and  move  and  have  our 
being? 

Physical  geography  embraces  something  more  than  the  circula- 
tion of  the  atmosjjhere  ;  something  more  than  rivers  and  lakes,  seas 
and  oceans,  something  more  than  mountains  and  ravines.  Moun- 
tains im])ly  sonietliing  more  than  a  fold  in  the  crust  of  the  earth. 
They   are   nhcw   measuring   rods,   marking  the  amount   of  erosion 
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that  has  taken  place  in  a  given  area.  The  harder  and  more  durable 
portions  remain  while  the  softer,  less  resisting  material  has  suf- 
fered corrasion  and  been  carried  away.  These  lines  of  yielding 
mark  the  great  lines  of  continental  commerce  both  upon  the  water 
and  the  land. 

Physical  geography  of  necessity  embraces  to  some  extent  the 
commercial  element.  It  must  consider  not  only  these  great  thor- 
oughfares of  commerce,  the  site  of  these  marts  of  trade,  the  grain 
and  corn  upon  which  peoples  subsist,  but  also  what  makes  the  pur- 
chase of  these  commodities  possible. 

The  civilization  and  enlightenment  of  a  nation  is  directly  propor- 
tionate to  its  industrial  development.  The  opening  of  the  mine 
for  the  extraction  of  some  metal  claims  a  part  of  the  forest  for  the 
requisite  timber  for  the  mills,  and  a  part  of  the  plain  for  the  growth 
of  grain  that  shall  become  the  sustenance  of  the  miners.  The 
United  States  alone  in  1905  gleaned  $1,632,000,000  from  her  min- 
eral industry. 

The  pupil  can  best  interpret  the  phenomena  by  a  careful  study 
of  a  few  minerals  that  have  contributed  so  largely  to  this  gigantic 
sum. 

In  addition  to  the  commercial  phase  the  lesson  taught  is  one  of 
cleanliness,  individual  discrimination  and  accuracy.  In  scarcely  any 
other  field  will  the  pupil  rely  more  upon  his  own  judgment  than  in 
the  systematic  study  of  the  physical  and  chemical  properties  of 
aninerals. 

The  three  classes  of  properties  of  minerals  need  not  all  be  con- 
sidered so  as  to  make  the  pupil  a  mineralogist.  In  few  cases  only 
do  the  morphological  properties  become  of  vjtal  importance  to  the 
secondary  pupil,  yet  he  soon  learns  that  some  substances  regularly 
crystallize  in  cubes  while  others  are  composed  of  prisms  and  pyra- 
mids. He  finds  galenite,  pyrite  and  halite  common  examples  of  the 
first,  and  quartz  and  apatite  familiar  examples  of  the  second. 

Most  of  the  pivpils  will  not  have  had  chemistry  at  the  time  when 
physical  geography  would  be  introduced,  therefore  the  chemical 
properties  scarcely  fall  within  the  scope  of  the  discussion.  Yet  the 
teacher  will  mete  out  the  chemical  problems  involved  in  the  meas- 
ure of  the  chemistry  the  pupils  have  had. 

The  |)hysical  properties  are  all  important.  The  student  will  have 
his  own  scale  of  hardness  and  his  own  tray  of  minerals  with  which 
to  WH)rk.     A  clear  and  concise  definition  of  the  various  physical 
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properties  should  be  given,  then  the  pupil  can  apply  them  to  the 
minerals  under  consideration.  The  color,  streak,  hardness,  sixjcific 
gravity,  magnetism,  cleavage,  fracture,  tenacity,  luster  and  diaphane- 
ity are  all  within  the  range  of  the  pupil.  He  sees  how  easily  one 
mineral  may  be  separated  from  another.  He  comes  also  to  know 
something  of  their  geographical  distribution  and  their  great  eco- 
nomic uses. 

With  a  reasonable  length  of  time  given  to  the  study  of  minerals 
the  pui)il  may  become  thoroughly  familiar  with  at  least  20  ores  of 
economic  value.  Possibly  the  following  minerals,  since  they  are 
the  most  important  ores  of  the  metals  represented :  galenfte,  native 
silver,  cinnabar,  native  copper,  chalcopyrite,  malachite,  native  gold, 
hematite,  limonite,  magnetite,  siderite,  bauxite,  sphalerite  and  zincite. 
The  order  of  arrangement  is  not  that  of  the  importance  of  the 
minerals  but  of  the  group  separation  of  the  metals  involved.  From 
these  20  minerals  nearly  $700,000,000  of  products  were  extracted 
in  1905. 

If  we  take  into  consideration  either  the  coining  value  of  the  silver 
or  the  pigments  manufactured  from  the  lead  ores  the  amount  is 
swelled  beyond  the  $700,000,000. 

A  few  nonmetallic  economic  and  rock-forming  minerals  may  be 
studied  in  a  similar  manner  to  a  good  advantage,  as  graphite,  sulfur, 
gypsum,  calcite,  apatite,  tluoritc,  halite  and  quartz.  The  more  com- 
mon of  the  feldspars,  micas,  pyroxenes  and  amphiboles  should  also 
be  considered. 

Scarcely  a  secondary  school  exists  that  does  not  have  access  to 
the  various  types  of  building  materials,  as  granites,  gneisses, 
syenites,  sandstones,  limestones,  marl)les  and  slates.  As  the  i)upil 
visits  the  quarry  to  study  joints,  faults  and  weathering  it  will  add 
to  his  interest  if  he  collects  for  himself  the  material  he  is  to  study 
in  the  labonitory.  Thus  the  pu])il  will  become  familiar  with  many 
types  of  both  sedimentary  and  igneous  rocks  aiid  early  learn  their 
application  to  human  industry. 

The  study  of  soils,  which  is  a  very  important  feature  in  physical 
geography,  is  enriched  l)y  some  knowledge  of  minerals  and  rocks. 
These  are  the  parent  source.  The  kind  of  rock  determines  the 
nature  of  the  soil  and  in  fact  the  kind  of  cro;)  best  adai)tc(l  to  that 
soil.  In  the  dry,  pure*  sands  arising  froin  the  breaking;-  down  of 
sandstone,  a  farnuT  does  not  i)lant  his  corn  unlos  lu-  ex])ects  a 
harvest   of  weeds.      lie  knows  how   pnxhictive  o\    iL^rain   and   corn 
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arc  the  marls  and  thereby  profits  by  his  knowledge.  The  pupil 
soon  learns  that  not  only  the  various  crops  but  also  trees  and 
flowers,  are  dependent  both  upon  the  climate  and  on  the  nature 
of  the  soil.  One  tenth  at  least  of  the  40  weeks  of  the  school  year 
should  be  given  to  the  study  of  minerals  and  rocks. 

The  student  should  collect  upon  his  field  trips  and  prepare  for 
his  own  study  as  many  different  samples  of  soil  as  are  found  in 
his  community  and  know  their  composition  and  their  origin.  This 
is  about  the  proportion  given  by  some  of  our  best  high  schools 
and  recommended  by  the  State  Regents. 

In  this  study  of  the  minerals  and  rocks  I  would  let  it  embrace 
as  much  of  nature  as  the  individual  pupil  is  able  to  comprehend. 
Trace  their  influence  upon  the  geography  and  topography  of  the 
earth's  surface.  Contrast  the  mountainous  scenery  of  the  granites 
with  the  tamer  landscaj^e  of  the  limestones.  Show  how  the  mig- 
gration  of  races  and  the  progress  of  civilization  has  been  largely 
dependent  upon  these  factors.  Trace  their  relation  to  roaring 
cataracts  and  majestic  canyons,  to  thriving  cities  and  countless 
manufactures.  This  will  give  greater  breadth  to  his  vision,  scope 
to  his  imagination,  zeal  to  his  work,  and  your  efforts  will  not 
prove  amiss. 

BABACHOIS,    BAB    AKD   TICKLE 
BY   JOHN    M.   CLARKK,   STATE   GEOLOGIST,   ALBANY 

It  is  my  purpose  briefly  to  discuss  under  this  title  the  physio- 
graphic significance  of  what  is  commonly  termed  a  coastal  lagoon 
and  I  have  in  mind  especially  the  recognition  of  such  lagoon  de- 
posits in' the  succession  of  rock  formations.  It  is  not  so  much  that 
I  have  to  present  a  novel  conception  in  geological  inteq)retation 
but  rather  the  wider  application  of  an  old  one,  whose  validity  is 
in  danger  of  invasion  by  what  seems  to  me  overstrained  concep- 
tions of  agents  pertaining  to  a  distinct  category.  * 

The  coastal  lagoon  is  a  feature  of  many  coast  lines  and  is  of 
general  distribution.  It  is  an  area  of  semiimpounded  water  re- 
ceiving terrestrial  drainage,  and  at  some  time  in  its  history,  if 
not  at  present,  receiving  it  abundantly;  cut  off  from  the  open  sea 
by  a  sand  bar  through  which  at  one  or  more  points  is  a  passage- 
way, the  outlet  channel  of  the  fresh  water,  the  inlet  passage  of 
the  tides,  and  kept  open  by  flow  and  scour.  The  phenomenon  is 
entirely  familiar ;  to  any  American  observer  it  must  be  especially 
so,  for  in  modified  and  complex  form  these  lagoons  stretch  along 
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the  Atlantic  coast  from  Massachusetts  to  Florida.  They  are  present 
on  many  coasts.  They  are  absent  on  many.  Their  existence  is 
governed  more  by  local  than  by  general  conditions.  One  would 
be  disposed  to  think  of  them  as  naturally  forming  along  a  sinking 
coast  line,  as  they  are  doing  with  extreme  irregularity  and  modi- 
fication of  form  on  the  New  Jersey  coast  and  north  and  south. 
But  they  are  features  as  well  of  a  rising  coast  and  are  shown 
in  typical  unit  expression  on  the  rising  shores  of  Gaspe  in  east- 
ern Quebec.  Their  presence  means  the  reaction  between  incoming 
land  drainage  heavily  weighted  with  sediment  and  the  opposing 
tidal  flow  of  much  denser  sea  waters.  The  sand  bar  is  the  result, 
behind  it  lies  an  immobile  body  of  mixed  salt  and  fresh  waters, 
brackish,  involving  wholly  changed  conditions  for  the  existence 
of  the  organisms  of  sea  or  river. 

It  is  not  therefore,  that  we  have  intricate  physiographic  con- 
ditions, with  physical  causes  difficult  to  find,  to  deal  with  in  such 
phenomena,  but  the  consideration  of  immediate  interest  is  this: 
that  such  lagoons,  apparently  of  slender  moment  on  the  present 
coast  lines  of  the  world,  have  left  momentous  records  in  the  sedi- 
ments of  the  past.  This  is  wholly  to  be  expected.  These  are  purely 
coastal  phenomena.  The  succession  of  sedimentary  rocks  with  which 
we  deal  is  largely  coastal,  epicontinental,  littoral  in  its  origin  and 
though  customarily  read  as  uniformly  marine  deposits  yet  it  is  now 
entirely  evident  that  the  coastal  lagoon  has  from  almost  the  begin- 
ning of  the  continents  played  a  very  important  role.  It  rests  with 
geologists  to  determine  these  effects  and  express  them  properly  in 
terms  of  their  agents. 

I  have  adopted  in  my  title  and  in  this  discussion  the  terms  ap- 
plied to  these  physiographic  features  by  the  inhabitants  of  Gaspe. 
r»arachois  is  the  lagoon,  a  Canadian  word  probably  of  Breton  or 
Xorman  source :  Barre-a-chcois,  suggests  the  Abbe  Ferland,  a  bar 
against  the  attack  of  the  waves.  Tickle  is  the  passage  through 
the  bar,  the  tidal  passage.  It  is  not  restricted  to  the  shores  of 
Ciaspe  as  any  one  familiar  with  the  coasts  of  Cape  Breton  and 
Newfoundland  knows,  but  there  it  is  a])j)lie(l  loosely,  often  to 
the  hazardous  passages  through  a  reef  of  rocks. 

In  the  great  peninsula  of  Gaspe  the  road  about  the  coast  avoids 
the  long  detour  about  the  great  barachois  by  running  down  one  arm 
of  the  bar  to  the  tickle  over  which  tlie  traveler  is  ferried.  By  heavy 
weather  or  with  a  rapidly  flowing  tide  the  passage  is  ticklish  indeed. 
f  know  no  other  origin  for  this  word  than  this  arising  from  the  sub- 


1906]  SECTION    MEKTINGS  —  SECTION   C  I25 

jective  sensations  of  the  traveler  and  I  am  informed  tliere  is  no 
other.  I  commend  these  terms  to  the  notice  of  physiographers. 
The  word  lagoon  has  no  exact  meaning  in  current  use.  A  lagoon 
is  the  body  of  water  within  the  inner  reefs  of  a  coral  atoll,  it  is  the 
abandoned  meander  of  a  river  in  its  flood  plain,  it  is  the  basin  of  a 
hot  spring;  in  the  broader  Spanish  meaning,  it  may  be  even  a  bay 
with  narrow  opening.  It  is  also  primarily  a  coastal  lake  impounded 
by  a  bar  of  dunes.  It  is  an  Eiang  at  the  mouth  of  the  Rhone,  but 
not  so  in  Gaspe  where  an  £tang  is  a  fresh  lake  with  a  long  outlet 
running  into  the  sea. 

The  barachois  is  a  definite  unit  expression  of  these  reactions  be- 
tween continental  and  ocean  waters.  On  the  Prussian  Baltic  its 
exact  equivalent  is  a  Haff.  Perhaps  in  the  close  analysis  of  these 
various  physiographic  expressions  of  work  done  it  may  be  possible 
to  assign  to  each  a  proper  and  distinctive  value  according  to  the 
nature  of  the  agencies  involved,  but  upon  this  condition  I  would 
lay  particular  emphasis:  a  barachois,  a. haff,  excludes  all  notion  of 
torrential  drainage.  These  are  phases  of  coastal  lakes  in  which  tor- 
rential stages  with  high  drainage  gradients  have  been  passed.  Tor- 
rential flow  from  elevated  land  surfaces  may  condition  the  .origin 
of  a  true  lagoon  on  the  coasts  of  a  newly  elevated  continent,  but 
if  so,  the  barachois  is  the  decadent  phase  of  the  lagoon  assumed 
as  the  gradient  of  flow  is  lowered  by  base  leveling.  I  have  indi- 
cated that  lagoon  is  a  confusing  term  with  its  many  meanings  — 
valueless  in  physiography  unless  restricted  to  one,  and  that  the 
expression  exhibited  by  the  City  of  Lagoons  at  the  head  of  the 
Adriatic,  wherewith  the  existence  of  torrential  conditions  is  in- 
volved. If  perchance  the  physiographic  category  has  now  exhausted 
for  the  inanimate  stages  of  geographical  change  all  the  terms  ap- 
plicable to  the  birth,  growth,  culmination,  decline  and  death  of  the 
organic  individual,  all  the  appellations  by  which  we  denominate 
our  conscious  human  struggles,  ambitions,  hopes,  fears,  despairs, 
achievements  and  failures,  there  may  be  room  for  t?rms  so  useful 
as  barachois  and  tickle,  each  designating  a  well  differentiated 
physiographic  condition  and  phenomenon,  neither  inspired  with 
sensation,  consciousness  or  moral  responsibility. 

In  (]aspe  the  expression  of  the  barachois  is  entirely  uncompli- 
cated. The  interior  of  this  great  peninsula  is  still  well  elevated  but 
its  topography  is  ancient,  and  away  from  the  sea  its  sky  lines  are 
very  gentle,  its  drainage  ways  broad  and  old.  The  interior  of  Gaspe 
is  covered  by  a  series  of  Appalachian  rock  folds.     It  is  here,  you 
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will  recall,  that  the  course  of  the  Appalachian  folds  changes  from 
its  usual  northeast-southwest  trend,  first  to  east-west,  then  north- 
west-southeast, where  it  takes  on  the  curve  of  the  upper  horn  of 
the  letter  S.  These  extremely  ancient  rock  folds  and  their  troughs 
are  still  today  evident  in  the  topography  of  the  country  ana  ia 
spite  of  all  the  erosion  of  all  the  ages  the  trunk  streams  of  th^ 
country  flow  with  great  respect  to  these  original  troughs  and  the 
bays  of  the  Gulf  of  St  Lawrence  enter  into  their  seaward  exte.i- 
sions  often  for  great  distances.  In  one  of  them  lies  Gaspe  bay  for 
a  length  of  15  miles,  in  another  Malbay  and  at  the  head  of  every 
bay  and  endroit  lies  a  barachois  and  its  accompaniments. 

It  is  my  desire  to  call  your  attention  especially  to  the  nature  of 
the  sediments  laid  down  in  these  barachois.  So  old  are  some  of 
the  Canadian  examples  that  the  contributory  streams  may  have 
diminished  almost  to  extinction,  but  where  the  indrainage  is  still 
active  and  large  they  are  building  up  broad  mud  flats  among  many 
distributaries  before  reaching  the  waters  of  the  barachois  itself. 
For  most  of  the  year  the  deposits  in  the  barachois  are  fine  calcare- 
ous muds  and  for  the  freshet  periods,  sand,  the  materials  for  much 
calcareous  shale  and  some  limestone.  In  their  earlier  history 
before  the  country  was  so  nearly  planed  the  conditions  were  favor- 
able for  the  deposition  of  much  sand  and  less  mud,  much  sandstone 
and  less  calcareous  shale.  Sandstones  and  calcareous  shale  or  even 
limestones  are  then  the  rock  which  are  properly  open  to  the  in- 
(|uiry  as  to  whether  they  may  indicate  barachois  conditions  in  a 
very  ancient  past.  Let  me  observe  that  conglomerates  and  rubbles' 
have  no  place  in  the  category  of  lagoon  deposits.  They  are  the 
debris  of  an  open  sea  ix>unding  against  a  bold  and  rocky  shore. 
The  observation  is  worth  making  because  such  formations  have 
been  at  times  ascribed  to  ancient  lagcxMis  and  deltas.  In  a  delta 
emptying  abruptly  on  an  exposed  coast  they  are  possible,  but  other- 
wise not. 

Xot  every  mass  of  calcareous  muds,  however,  and  not  every 
deposit  of  sands  are  of  barachoi.s  origin,  not  every  rock  formation 
of  shale  and  sandstone  indicates  such  conditions  in  succession  of 
•geological  deposits.  What  is  the  index?  How  is  the  one  to  be 
told  from  the  other  where  there  is  no  lithic  difference  in  the  de- 
posits of  the  barachois  and  the  open  littoral?  It  is  perhaps  need- 
less to  say  that  it  lies  in  the  embedded  fossils  when  pro})erly  inter- 
preted, hut  before  referring  to  this,  there  are  guiding  indications 
of  another  character.     The  oxidation  of  the  iron  in  the  barachois 
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muds  by  the  organic  acids  under  the  action  of  the  sunUght  gives 
to  the  resultant  limestone  rocks  an  often  brilliant  coloration  in  shades 
of  red,  which  it  seems  entirely  probable  they  could  not  have  ac- 
quired at  a  depth  or  over  a  sea  bottom  too  deep  for  the*  sun  to 
reach.  I  will  not  go  into  detail  in  regard  to  this  point.  It  has 
been  the  subject  of  careful  investigation  by  German  and  Swedish 
chemists  who  conclude  that  such  a  brilliantly  tinted  limestone  must 
have  received  its  colors  by  oxidation  of  its  iron  in  shallow  waters 
within  reach  of  the  actinism  of  the  sunlight.  Limestones  and  lime 
shale  then,  may  be,  contrary  to  quite  commonly  received  ideas,  the 
deposits  from  the  shallow  waters  of  the  barachois. 

Let  us  take  an  illustration  from  tliat  most  illuminating  country 
to  a  geologist,  Gaspe.  Off  the  coast  of  Gaspe  stands  an  amazing 
and  imposing  monument  to  the  destructive  powers  of  the  sea,  the 
stupendous  Perce  rock,  the  most  dramatic  feature  on  the  American 
coast,  an  isolated  mass  of  brilliantly  colored  red  and  yellow  Devonic 
limestones.  Twenty  miles  to  the  north  Devonic  limestones  of  the 
same  age  and  with  the  same  fossils  appear  in  great  force  and  be- 
tween these  two  exposures  rolls  the  sea.  The  strata  at  the  north 
are  gray  and  somber,  with  their  profusion  of  fossils  scattered  in- 
differently through  the  strata.  In  the  brilliant  limestones  of  Perce, 
however,  the  same  fossils  are  present  but  are  few  and  lie  in  distant 
layers  with  barren  intervals.  The  tinted  limestones  came  within  tlic 
reach  of  shore  drainage  and  the  sunlight.  The  gray  strata  with 
which  they  are  continuous  were  laid  too  deep  for  these  effects. 

The  organic  life  of  a  barachois  will  be  very  different  from  that 
either  of  the  contributing  fresh  waters  or  of  the  receiving  ocean 
littoral.  The  waters  will  be  brackish;  the  inhabitants  such  as  can 
adapt  themselves  to  brackish  conditions.  These  will  be  few,  they 
may  be  in  their  origin  in  part  marine,  in  part  continental  or  aquatic. 
Barachois  deposits  will  then  be  largely  barren  of  animal  life  com- 
pared with  the  true  littoral.  There  will  be  times  of  stress  when 
in  every  barachois  the  ocean's  storms  will  wash  over  the  bar  or 
through  the  tickle  the  animals,  dead  or  alive,  of  the  littoral  and 
spread  out  their  remains  over  the  bottom  of  the  barachois.  This 
would  be  the  usual  and  normal,  not  the  unusual  condition.  Barachois 
deposits  may  then  be  limestones  or  sandstones  or  calcareous  shales 
and  may  contain  marine  fossils  in  separated  layers  witli  more  or 
less  barren  intervals.  These  deposits  will  be  likely  also  to  contain 
fragments  of  land  vegetation  brought  in  by  the  terrestrial  drainage. 

It  must  be  concluded  that  extreme  caution  is  requisite  for  the 
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exact  recognition  of  barachois  deposits  in  the  geologic  succession 
in  their  discrimination  from  true  marine  Httoral  formations.  Close 
analysis  of  many  conditions  will  alone  suffice  for  such  determina- 
tion. Reliance  upon  one  or  another  single  characteristic  may  easily 
lead  to  misinterpretation.  But  as  caution  is  requisite,  if  it  is  exer- 
cised, we  may  be  confident  of  the  result. 

On  the  other  hand  there  should  be  no  confusion  between  such 
deposits  and  those  of  such  torrential  origin  as  imply  arid  condi- 
tions of  climate.  Let  me  speak  briefly  on  this  point.  A  treatise  by 
a  German  investigator  on  desert  characteristics  and  the  conditions 
leading  to  desert  formations,  the  instructive  study  by  two  British 
authors  of  the  qualities  of  wind-blown  and  waterworn  sands,  all 
rich  in  suggestiveness,  have  been  subjected  to  the  somewhat  Ameri- 
can proclivity  to  extravagance  and  exaggeration  and  we  are  asked 
to  interpret  many  of  our  relatively  barren  sandstone  fonnations 
as  deposits  accruing  under  the  torrential  drainage  of  arid  climate. 
Herein  we  find  this  weakness  in  the  proposition ;  for  though  and 
conditions  may  involve  torrential  drainage,  torrential  drainage  does 
not  imply  arid  conditions.  Indeed  the  typical  lagoons  of  the  Adri- 
atic today  are  results ^of  torrential  drainage  and  delta  deposit  but 
the  climate  conditions  are  certainly  far  from  arid. 

True  lagoons  with  their  early  accompaniments  of  high  inlet 
gradients  are  the  natural  recipients  of  deltas ;  in  the  barachois  stage 
delta  deposition  may  be  less  apparent.  Under  the  first,  heavy  accu- 
mulations of  sand  will  normally  occur  and  such  do  not  necessarily 
imply  torrential  drainage,  nor  at  all  involve  arid  conditions.  Bar- 
achois with  their  flats  drying  out  in  the  sun  into  mud-cracked 
surfaces,  and  assuming  a  brilliant  coloration  by  oxidation  are  the 
very  proof  of  absence  of  torrential  drainage  and  no  necessary  asso- 
ciate of  arid  climate. 

Did  the  time  permit,  I  should  wish  to  illustrate  the  geological 
importance  of  barachois  deposits  by  referring  to  concrete  examples 
in  the  New  York  series  of  geological  formations.  This  I.  can  do 
here  but  very  briefly.  It  has  been  recognized  that  a  certain  aspect 
of  the  Devonic  rocks  expressed  in  the  Old  Red  sandstone  facies 
indicates  fresh  or  brackish  coastal  lakes.  It  is  to  Hugh  Miller  we 
owe  this  conception.  The  distinguished  Scotchman  compared  the 
conditions  under  which  this  Old  Red  sandstone  was  deposited  to 
those  existing  today  in  Lake  Stennis  on  the  Orkney  islands  whose 
outer  reaches,  where  in  communication  with  the  sea,  are  highly 
brackish  but  whose  inner  portion,  cut  off  from  the  free  access  with 
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the  outer,  are  well  nigh  fresh.  This  conception  has  been  elab- 
orated by  several  students  of  these  formations  and  we  are  reason- 
ably secure  today  in  interpreting  the  Old  Red  sandstone  not  alone 
of  Great  Britain  and  Russia,  but  its  equivalents,  the  7000  feet  of 
Gaspe  sandstone  in  Quebec  and  the  4000  feet  of  Catskill  sandstone 
in  New  York  as  the  continued  deposition  in  coastal  lagoons  receiv- 
ing rapid  drainage  and  delta-filled,  holding  brackish  water  and 
open  to  the  sea  by  passages  or  tickles  which  pennitted  the  free  cir- 
culation of  the  marine  plankton  represented  by  its  fishes,  having 
its  bars  overwashed  at  tim^s  in  periods  of  stress  without,  as  shown 
by  an  occasional  layer  of  marine  fossils.  The  Catskill  formation 
in  New  York  is  not  alone  Devonic  in  age  but  without  change  or  in- 
terruption transcends  the  Devonic  boundary  and  its  upper  portions 
were  laid  down  while  marine  Carbonic  faunas  were  holding  the 
seas  in  southwestern  New  York  and  elsewhere.  This  conception, 
first  put  forth  by  James  Hall  in  1875,  has  been  elaborated  and 
verified  in  these  later  years.  Ten  years  ago,  I  undertook  to  indi- 
cate the  existence  of  a  still  earlier  coast  lake  in  New  Yoik,  to 
which  the  name  Lake  Oneonta  was  applied.  It  was  the  lagoon 
or  barachois  which  preceded  the  Catskill  lakes  and  opened  the  way 
for  them.  It  was  of  the  same  nature,  delta-filled  by  heavy  erosion, 
its  sediments  full  of  drifted  terrestrial  vegetation  and  abounding 
in  almost  the  earliest  representative  of  our  unios  or  fresh-water 
clams,  the  ArchanodonorAmnigenia  catskillensis.  In 
these ' instances  we  have  to  deal  with  cases  of  rapid  deposition, 
hence  the  heavy  sand  deposits  of  a  lagoon  as  distinguished  from 
the  prevailing  muds  of  a  barachois.  In  Gaspe,  which  is  geologi- 
cally a  part  of  New  York  as  it  affords  a  brilliant  presentment  of 
the  New  York  forinations,  wei*e  tremendous  lagoons  represented 
by  the  heavy  Gaspe  sandstone  which  began  in  the  lowest  Devonic 
and  continued  to  near  its  close  and  we  have  there  also  the  singular 
and  illuminating  phenomenon  presented  by  what  Logan  called  the 
Bonaventure  conglomerate,  a  mantle  of  alternating  conglomerates 
and  sands  which  seem  to  indicate  a  constant  shifting  of  currents 
and  coast,  perhaps  at  no  time  clearly  presenting  a  lagoon  condition, 
but  nevertheless  transcending  without  break,  as  does  the  Catskill 
formation  in  New  York,  the  boundary  between  the  Devonic  and 
Carbonic  formations. 

In  the  earlier  Devonic  of  Gaspe  we  may  have  true  barachois  con- 
ditions as  I  have  already  intimated  in  referring  to  the  brilliant  lime- 
stones of  Perce  rock  with  its  marine  fossils. 
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Let  me  turn  again  to  New  York  and  cite  a  still  earlier  example 
of  similar  conditions,  this  time,  however,  involved  not  only  in  delta 
conditions  but  in  those  of  a  truly  arid  climate,  and  the  only  ex- 
ample of  such  conditions  recognized  in  the  New  York  formations. 
In  this  case  I  am  sure  you  will  be  especially  interested  for  it  em- 
bodies a  rearrangement  of  some  ideas  in  regard  to  the  correlation 
of  the  geological  formations  in  our  State.  vThis  is  the  case  o|  the 
Shawangunk  grit  —  the  arenaceous  deposit  constituting  the  Shaw- 
angimk  mountains  of  Ulster  and  Orange  counties  and  continuing 
south  into  the  Kittatinny  mountains  of  New  Jersey.  You  are  all 
aware  that  every  classification  of  these  geological  formations  places 
the  Oneida  conglomerate  at  the  base  of  the  Upper  Siluric  series 
and  below  the  Medina  sandstone.  A  careful  reexamination  of  the 
typical  section  of  the  Oneida  conglomerate  has  shown  that  it  is 
not  below  the  Medina  sandstone  but  in  it.  The  Shawangunk  grit 
of  eastern  New  York  has  been  uniformly  regarded  as  equivalent 
in  age  with  the  Oneida.  You  will  find  this  so  stated  in  all  stand- 
ard textbooks  and  in  all  our  own  reports. 

Now  this  Shawangunk  formation  is  a  conglomerate  at  its  base 
and  passes  into  a  fine  compact  quartz  sandstone  or  grit  and  be- 
comes shaly  toward  the  top  covering  a  thickness  upward  of  700 
feet.  The  same  keen-eyed  geologist  who  found  the  Oneida  in  the 
midst  of  the  Medina  finds  that  this  supposed  eastern  equivalent  of 
the  Oneida  lies  directly  and  conformably  under  a  shale  (Long- 
wood)  and  limestone  (Cobleskill)  which  we  know  to  be  later  in 
age  than  the  Salina  formation  of  central  and  western  New  York. 
Hence  the  natural  and  easy  inference  on  stratigraphic  grounds 
alone  that  the  Shawangunk  grit  could  not  well  represent  the  Oneida 
conglomerate  but  in  a  section  where  both  Clinton  and  Niagara 
formations  are  absent  it  represented  a  probable  equivalent  of  the 
Salina  deposition. 

For  70  years  this  formation  in  common  with  all  others  in  this 
State  has  been  hammered  over  but  never  a  trace  of  a  fossil  seen 
until  a  few  weeks  ago,  when  another  sharp-scented  geologist  of 
my  statT  ferreted  out  a  fossil  fauna  that  in  its  constitution  and  rela- 
tions is  of -extraordinary  and  far-r-eaching  interest.  Such  events 
let  mc  say,  are  constantly  transpiring  in  New  York  geology.  It 
is  the  unexpected  that  happens  and  is  likely  to.  Barrois,  ex-presi- 
dent of  the  Geological  Society  of  France,  has  said  that  the  geology 
of  New  York  is  more  completely  known  than  that  of  any  equal 
area  in  the  globe.    But  still  this  great  storehouse  of  geological  facts 
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continues  to  pour  forth  treasure  in  response  to  the  endless  tattoo 
of  hammers  and  chisels,  often  to  overwhehn  us  with  her  richness 
and  to  laugh  at  our  theories. 

Interbedded  with  these  Shawanginik  sandstones  is  an  indefinite 
succession  of  thin  black  shales  which  carry  an  extensive  fauna 
of  those  singular  merostonie  or  Limuluslike  crustaceans,  Eu; 
rypterus,  Pterygotus  and  Hughmilleria  like  those  lying  at  and 
within  the  base  of  the  Salina  of  western  New  York  (t^ittsford 
shales)  and  in  great  number  and  diversity  in  the  waterlimes 
(Bertie)  at  the  top  of  that  formation. 

The  Shawangunk  grit  therefore,  after  having  been  proved  from 
purely  stratigraphic  argument  as  probably  of  the  age  of  the  Salina 
formation  has  now  afforded  the  singidar  fauna  peculiar  to  its 
initiatory  stages. 

We  know  that  these  creatures  were  of  brackish  water  habit.  We 
know  that  after  their  first  appearance  in  the  Salina,  the  impounded 
sea  became  too  salt  for  their  existence  and  that  when  the  barriers 
were  broken  down  and  the  sea  freshened,  they  made  their  return 
in  the  decadent  stages  of  Salina  time.  The  culminant  salt  pan 
condition  of  the  Salina  with  its  heavy  precipitation  of  salt  implies 
beyond  question  an  arid  climate,  but  during  this  arid  period  while 
3alt  was  precipitated  in  central  New  York  there  was  not  such 
precipitation  at  the  east. 

All  the  stratigraphic  data  now  at  our  disposal  point  to  the  ex- 
istence at  this  period  of  a  bar  extending  southward  from  the  coast 
in  the  present  position  of  the  Heklerberg  mountains.  Time  will 
not  permit  me  to  detail  the  evidence  of  this.  Let  us  then  assume 
it  for  the  moment.  The  presence  of  this  bar  shut  off  from  the  con- 
fined and  rapidly  evaporating  sea  of  central  New  York  an  em- 
bayment  which  evidently  had  an  open  tickle  to  the  sea  but  which 
was  receiving  heavy  delta  deposits  at  the  north :  heavy,  I  mean  in 
the  sense  that  torrential  action  was  involved.  The  frequent  alter- 
nation of  the  Ru rypterus  shales  with  the  delta  sands  of  the  Shawan- 
gunk grit  shows  that  after  slight  deposition  of  the  latter  the  crusta- 
ceans regained  their  ground  in  briny  pools  over  the  sandy  shore. 

Delta  deposits  then  were  laid  down  in  a  barachois  or  lagoon 
under  arid  conditions,  and  this  lagoon  constituted  the  earliest  of 
which  we  have  fairly  conclusive  evidence  today. 
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THE  RELATION  WHICH  SCHOOL  GARDENS  KAT  BEAR  TO  INDUSTRIAL  AND 
COMMERCIAL  GEOORAPHT 

BY   AMOS   W.   FARNHAM,   OSWEGO  STATE   NORMAL   SCHOOL 

Many  of  our  leading  educators  recognize  school  gardens  as  a 
valuable  means  of  instruction  in  elementary  schools.  Many  of 
our  Jeading  cities  have  made  provision  for  school  gardens;  and 
many  teachers  have  found  that  they  contributed  not  alone  to  suc- 
cessful teaching,  but  to  successful  class  management  as  well.  Many 
children  have  found  school  work  more  congenial,  and  the  school- 
room and  school  grounds  more  attractive  because  of  their  expe- 
rience in,  and  the  products  of,  the  school  gardens.  The  popularity 
of  school  gardens  is  shown  by  frequent  contributions  regarding 
them  to  educational  magazines,  contributed  by  enthusiastic  advo- 
cates and  read  by  teachers  no  less  enthusiastic.  Their  popularity 
is  often  shown  by  programs  of  educational  meetings  in  which  school 
gardens  receive  at  least  "  honorable  mention."  Occasionally  a 
normal  school  indorses  the  school  garden  idea  in  a  practical  way, 
and  in  its  annual  report  gives  large,  illustrated  paragraphs  on  the 
subject.  The  United  States  Department  of  Agriculture,  realizing 
that  school  gardens  are  an  important  and  almost  necessary  means 
of  instruction,  has  recently  issued  a  pamphlet  of  40  pages  in  which 
the  value  of  school  garden  work  is  discussed.  [This  pamphlet  is 
called  The  School  Garden,  and  is  known  as  Farmers'  Bulletin 
no.  218.]  In  the  President's  message,  under  the  heading,  **  Farming 
a  Profession,"  the  President  says : 

In  all  education  we  should  widen  our  aims.  It  is  a  good  thing  to 
produce  a  certain  number  of  trained  scholars  and  students,  but  the 
education  superintended  by  the  state  must  seek  rather  to  produce 
100  good  citizens  than  merely  one  scholar,  and  it  must  be  turned 
now  and  then  from  the  class  book  to  the  study  of  the  great  book  of 
nature  itself.  .  .  All  students  now  realize  that  education  must  seek 
to  train  the  executive  powers  of  young  people  and  to  confer  more 
real  significance  upon  the  phrase,  "  dignity  of  labor,"  and  to  prepare 
the  pupils  so  that,  in  addition  to  each  developing  in  the  highest 
tlegree  his  individual  capacity  for  work,  they  may  together  help 
create  a  right  public  opinion  and  show  in  many  ways  social  and  co- 
o])erative  spirit. 

It  is  now  half  a  century  since  Euro])e  instituted  school  gardens. 
Austria,   Sweden  and   Germany  were   the  first  to  introduce  them. 
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but  Other  leading  European  nations  quickly  followed  their  example. 
These,  o^ardens  were  considered  the  most  practical  form  of  agricul- 
tural nature  study.  But  it  was  not  until  the  year  1891  that  a  school 
garden  was  opened  in  America,  Boston  taking  the  lead  in  the  school 
garden  movement.  The  beginning  was  a  modest  one,  consisting 
of  the  utilization  of  a  small  plot  of  ground  in  connection  with  one 
of  the  grammar  schools.  This  plot  was  devoted  not  to  agricultural 
nature  study  as  were  the  first  European  school  gardens,  but  to  the 
raising  of  native  wild  flowers.  We  learn  that  a  few  years  later  this 
same  school  added  another  small  plot  for  the  cultivation  of  vege- 
tables—  a  step  toward  realizing  the  end  for  which  the  first  school 
gardens  were  created  and  cultivated.  In  1903,  just  12  years  after 
Boston  had  taken  the  initiative,  statistics  showed  that  more  than 
50  cities  of  our  country  had  made  some  provision  for  school  gar- 
dens. What  has  been  done  along  this  line  during  the  last  three 
years,  we  have  not  statistics  at  hand  to  show,  but  when  we  consider 
that  the  school  garden  movement  is  a  popular  one,  and  that  Ameri- 
cans are  not  slow  in  putting  popular  idfeas  into  tangible  form,  it  is 
safe  to  say  that  the  last  three  years  have  witnessed  the  opening  oras 
many  school  gardens  as  had  already  been  opened  from  1891  to  1903. 

School  gardens  in  our  country  are  almost  entirely  conducted  in 
the  interests  of  nature  study,  and  are  often  denominatel  nature  study 
gardens.  Now  nature  study  does  not  seem  to  be  very  definitely  out- 
lined. In  fact  some  of  its  strongest  advocates  say  that  it  can  not 
be  outlined  without  doing  violence  to  the  spirit  and  aims  of  nature 
study.  Some  supervisors  go  so  far  as  to  leave  their  teachers  free 
to  choose  the  topics  to  be  presented  to  the  pupils  under  their  care. 
This  indefiniteness  has  brought  out  the  criticism  that  nature  study 
**  has  no  beginning  and  no  end  " ;  that  it  begins  with  "  almost  any 
topic  and  ends  wheiicver  a  sufficient  number  of  topics  liave  been  sug- 
gested to  fill  in  the  allotted  time."  A  school  garden  conducted  in  the 
interests  of  an  unorganized  course  of  nature  study  must  share  the 
same  criticisms  which  such  a  course  may  receive. 

School  gardens  are  as  yet  in  a  stage  of  experiment.  It  is  only 
15  years  since  the  first  school  garden  was  opened  in  America.  Their 
function  is  not  fully  defined.  Hence,  the  question  arises,  may  they 
not  realize  all  that  is  claimed  for  them,  satisfying  all  of  the  demands 
of  nature  study,  and  at  the  same  time  be  so  well  correlated  with  some 
of  the  phases  of  industrial  and  commercial  geography  that  even  a 
greater  interest  may  be  created  in  nature  study,  in  school  gardens 
and  in  industrial  and  commercial  geography  as  well  ? 
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Some  of  the  claims  for  school  gardens  set  forth  by  the  United 
States  Department  of  Agriculture  are,  quick  discrimination;  skill 
with  the  hands  developed  by  handling  small  seeds  and  various  tools ; 
systematic  methods  which  follow  from  the  order  in  which  the  opera- 
tions conducted  in  the  garden  must  be  taken  up ;  industry ;  the  idea 
of  ownership  and  the  rights  of  ownership ;  business  experience  which 
is  an  important  result  of  harvesting  and  accounting  for  the  products 
which  are  grown;  a  basis  of  knowledge,  provided  the  operations 
connected  with  the  school  garden  are  properly  conducted,  i.  e.,  if 
the  requirements  of  the  different  crops  in  regard  to  preparation  of 
soil,  depth  of  planting,  date  of  planting,  and  the  time  and  manner 
of  harvesting  are  all  carefully  observed.  In  connection  with  these 
already  named,  it  is  also  claimed  that  opportunity  is  offered  to  illus- 
trate the  good  and  evil  effects  from  certain  methods  of  cultivation, 
of  working  soil  when  in  good  and  bad  condition,  with  the  conse- 
quent effects  upon  growing  crops;  the  value  of  deep  and  shallow 
tillage ;  methods  of  conserving  moisture ;  importance  of  fertilization ; 
and  conditions  essential  tcr  germination  as  well  as  conditions  con- 
ducive to  growth. 

Now  may  not  all  of  these  claims  be  satisfied  even  in  larger  degree, 
if  the  attention  is  given  to  agricultural  nature  study  (the  study  of 
cereals,  grasses,  fiber  plants,  saccharine  plants,  plants  bearing  oleifer- 
ous  seeds,  etc.),  rather  than  to  the  cultivation  of  flowers  and  com- 
mon vegetables?  Again,  would  not  a  school  garden  in  which  are 
cultivated  wheat,  corn,  clover,  alfalfa,  flax,  hemp,  sorghum,  sugar 
beets,  castor  beans  etc.,  help  to  realize  the  demands  of  nature  study  ? 
We  quote  the  "  special  purposes  "  of  nature  study  from  the  Oshkosh 
State  Normal  School  Bulletin  of  May  1906,  designated  Nature  Study 
Number, 

First, — to  provide  discipline,  especially  to  the  perceptive  faculties, 
leading  to  the  cultivation  of  close  and  accurate  observation. 

Second, —  to  develop  the  right  moral  spirit  leading  to  sympathy, 
kind  treatment,  and  right  feeling  toward' life,  especially  animal  life. 

Third, —  the  work  should  aim  to  develop  the  spiritual  nature,  lead- 
ing to  reverence,  trust,  and  belief. 

Fourth, —  to  cultivate  the  esthetic  sense,  leading  to  an  apprecia- 
tion of  nature's  beauty, —  including  recognition  of  the  beautiful, 
training  in  the  securing  of  beautiful  effects,  and  appreciation  of  the 
beauty  of  adaptation  to  use. 

Fifth, —  to  arouse  love  of  nature  and  desire  for  her  acquaintance 
and  companionship. 

Sixth, —  the  work  should  help  to  maintain  interest  in  all  school 
work  and  aid  in  the  work  of  other  studies,  especially  language, 
reading,  and  drawing. 
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It  is  difficult  to  see  why  the  cultivation  and  study  of  plants  that 
administer  to  many  of  our  physical  needs  may  not  "  provide  discip- 
line for  the  perceptive  faculties/'  **  develop  the  spiritual  nature," 
*'  cultivate  the  esthetic  sense,*'  **  arouse  love  of  nature,"  and  "  help  to 
maintain  interest  in  all  school  work  and  aid  in  the  work  of  the  other 
studies,"  at  least  in  as  great  a  degree  as  is  realized  from  the  culti- 
vation and  study  of  plants  whose  beauty  is  their  only  excuse  for 
being.  The  cereals  and  grasses  have  long  been  subjects  for  the 
artist  and  the  poet. 

The  advocates  of  nature  study  lay  stress  upon  training  the  feel- 
ings. Surely  this  is  good  pedagogy,  and  is  not  to  be  lost  sight  of  in 
teaching  any  subject  in  any  nature  study  grade.  A  present  day  edu- 
cator says,  **  The  emotional  spirit  of  instruction  is  the  factor  that 
counts." 

And  is  it  not  true  that  the  emotional  spirit  can  be  aroused  and 
developed  by  considering  nature  from  the  economic  side,  the  human 
side?  Is  it  not  also  true  that  the  child  should  be  introduced  to 
nature  in  its  relation  to  his  life,  to  his  ne<?ds?  We  recognize  the 
value  of  the  aims  and  ends  of  nature  study  and  of  the  nature  study 
garden.  And  we  believe  that  the  selection  of  material  may  be  in 
the  interests  of  industrial  and  commercial  geography,  and  at  the 
same  time  contribute  to  the  realization  of  the  nature  study  aims  and 
ends.  We  believe  that  nature  study  may  be  so  correlated  with  in- 
dustrial and  commercial  geography  that  each  may  aid  in  the  inter- 
pretation of  the  other. 

The  first  paragraph  in  the  Oshkosh  State  Normal  School  Bulletin 
for  May,  the  Nature  Study  Number,  defines  nature  study  in  the 
following  terms :  *'  In  general  terms  nature  study  is  a  study  of  one's 
naturall  environment.  This  study  should  be  carried  on  in  such  a 
way  as  to  bring  about  the  most  perfect  adjustment  of  the  individual 
to  that  environment,  to  the  end  of  using  it  for  the  highest  good. 
Nature  study  is  learning  those  things  in  nature  that  are  best  worth 
knowing  to  the  end  of  doing  those  things  which  make  life  most 
worth  living."  We  could  ask  no  better  definition,  but  this  definition 
is  often  lost  sight  of  in  nature  study  and  in  the  selection  of  material 
for  the  nature  study  garden. 

The  school  garden  seems  as  necessary  for  the  teaching  of  indus- 
trial and  commercial  geography  as  it  does  for  the  teaching  of  nature 
study,  but  the  selection  of  materials  for  the  nature  study  garden 
does  not  meet  the  demands  of  industrial  and  commercial  geography. 
On  the  other  hand,  the  selection  of  material  in  the  interests  of  indus- 
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trial  and  commercial  geography  would  meet  the  demands  of  nature 
study.  .  Let  us  see  if  it  would  not. 

In  considering  the  great  human  industries,  agriculture  and  stock 
raising  are  first  in  importance.  These  two  industries  place  man*s 
food  supply  on  a  permanent  basis.  Now  it  is  a  matter  of  history 
that  men  can  not  rise  out  of  savagery  until  they  have  placed  their 
food  supply  on  a  permanent  basis. 

Our  country  holds  the  first  place  as  an  agricultural  nation,  and 
leads  the  world  in  the  production  of  all  varieties  of  live  stock  except 
sheep.  Com  is  our  leading  and  most  valuable  crop,  averaging  over 
2,000,000,000  bushels,  and  forming  75  per  cent  of  the  world's  supply. 
And  yet  less  than  one  tenth  of  this  prodigious  yield  is  usually  ex- 
ported in  the  form  of  corn.  The  greater  part  is  fed  to  live  stock, 
especially  cattle  and  hogs.  Hence  a  large  part  of  the  corn  crop  is 
exported  in  the  form  of  meat. 

The  school  garden  should  illustrate  corn  culture,  pupils  observing 
time  of  planting,  care  of  the  growing  plants,  and  time  of  harvesting. 
They  should  note  the  time  elapsing  from  day  of  planting  to  day  of 
harvesting.  They  should  note  the  character  of  soil  best  adapted  for 
corn,  and  the  eflfect  of  heat  and  moisture  on  the  growing  plants. 
The  harvested  ears  should  be  used  for  schoolroom  decoration.  It 
will  be  recalled  that  some  of  our  finest  and  most  elaborate  decora- 
tions at  the  Columbian  Exposition  and  at  the  Pan  American  were 
made  of  different  parts  of  the  corn  plant. 

Again  we  lead  the  nations  of  the  world  in  the  j^roduction  of  wheat. 
The  wheat  crop  in  1900  equaled  625,000,000  bushels.  Wheat  is  the 
most  widely  distributed  and  the  most  nutritious  of  the  cereals.  More 
than  one  third  of  the  world's  population  are  consumers  of  wheat 
bread. 

The  school  garden  should  give  a  space  for  the  growth  of  spring 
wheat.  The  variety  sown  should  be  noted,  dates  of  sowing  and 
harvesting  should  be  recorded,  the  period  of  growth  determined, 
effects  of  heat  and  moisture  observed,  and  insect  pests,  if  any, 
studied.  The  ripened  grain  should  be  used  in  decoration.  A  small 
plat  of  winter  wheat  should  be  grown  and  many  comparisons  made 
with  spring  wheat. 

Our  country  is  exceeded  in  the  production  of  oats  by  Russia  only. 
Our  annual  crop  some  years  reaches  1.000,000,000  busliels.  Oats 
should  be  cultivated  in  the  school  garden ;  a  careful  study  should  be 
made  of  their  growth,  conditions  for  growth,  and  comparisons  made 
with  wheat  and  corn  as  to  growth  and  conditions  for  growth.    Pupils 
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should  discover  how  oats  may  be  distinguished  from  wheat  before 
the  plants  head. 

Hay  forms  one  of  the  most  valuable  crops  in  the  United  States. 
Its  average  annual  value  is  $470,000,000.  coming  next  in  value  to 
the  corn  crop.  It  is  of  great  importance  in  the  cattle-raising  states 
of  the  corn  districts,  and  also  in  the  dairy  states  of  which  New  York 
leads.     "  Hay  "  should  include  *'  timothy,''  clover  and  alfalfa. 

The  school  garden  should  make  the  pupils  familiar  with  each  of 
these  forage  plants,  from  the  seed  to  the  harvested  plants.  Note 
that  under  favorable  conditions  more  than  one  crop  may  be  har- 
vested in  a  single  growing  season.  Pupils  note  which  is  the  most 
rapid  grower,  and  which  are  not  true  grasses. 

The  United  States  is  the  greatest  sugar-consuming  country  in  the 
world  —  every  person  in  the  country  using,  on  the  average,  70 
pounds  a  year.  Our  greatest  import  is  sugar.  The  sugar  which  we 
consume  is  very  largely  cane  sugar.  But  our  beet  sugar  industry  is 
gradually  increasing,  especially  in  California,  Nebraska,  Utah  and 
Michigan.  Tw^o  thirds  of  the  world's  sugar  product  is  beet  sugar. 
Therefore  sugar  beets  should  be  a  product  of  the  school  garden,  also 
one  of  the  common  varieties  grown  for  table  use.  The  growth  of 
each  should  be  studied,  likenesses  and  differences  noted,  the'matured 
roots  compared,  especially  in  saccharine  qualities. 

Sorghum  being  a  sugar-producing  plant,  also  a  member  of  the 
same  family  of  which  sugar  cane  is  a  member,  its  cultivation  would 
be  of  marked  interest  to  the  pupils. 

Flax  is  one  of  the  most  important  of  textile  fiber  plants.  It  has  a 
very  wide  range,  thriving  in  the  dry  summers  of  California  and  in 
the  moist  regions  of  the  Mississippi  valley.  It  grows  well  in  the 
colder  parts  of  Europe  and  equally  well  in  tropical  Asia.  Although 
almost  every  American,  citizen  wears  linen  garments,  only  a  small 
quantity  of  flax  is  grown  in  the  United  States,  and  that  quantity  is 
grown  for  the  seed  which  is  manufactured  into  linseed  oil. 

Because  of  the  importance  of  the  flax  in  contributing  to  our 
clothing  material  as  well  as  to  the  arts,  it  should  be  produced  in 
the  school  garden.  Its  beautiful  blue  flower  gratifies  the  sense  of 
beauty.     A  firm  rich  soil  is  the  chief  requisite  for  flax  growth. 

The  true  hemp  of  commerce  (Cannabis  sativa)  is  grown 
in  nearly  every  country  of  North  America,  Europe  and  Asia.  The 
prepared  hemp  is  mainly  used  in  the  manufacture  of  wrapping 
twine,  cordage  and  coarse  canvas.  The  hemp  is  a  stately  plant, 
growing  3  feet  or  more  in  height,  and  commands  attention  when 
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growing.  Hemp  seed  forms  a  part  of  the  food  of  caged  seed 
eating  birds. 

Hemp  should  be  found  among  the  plants  of  the  school  garden. 
Hemp  and  flax  fibers  should  be  compared  in  color,  length,  coarse- 
ness and  strength.  Children  should  learn  Jiow  each  fiber  is  best 
adapted  for  its  use. 

The  United  States  is  the  largest  grower  of  tobacco.  In  some 
sections  of  our  country,  the  cultivation  of  tobacco  is  the  leading 
agricultural  pursuit,  and  its  preparation  for  use  is  the  leading  manu- 
facture. It  is  a  noble  plant  when  growing,  having  a  hight  of  3  feet, 
and,  when  left  to  reach  its  greatest  growth,  attains  a  hight  of  6  feet. 
Its  leaves  grow  from  i  to  2  feet  in  length.  Its  flowers  are  2  inches 
long  and  rose-purple.  Tobacco  in  our  latitude  must  be  started  in 
hotbeds ;  a  few  plants  may  get  a  start  in  the  schoolroom.  Its  culture 
in  the  school  garden  may  thus  be  practicable.  Tobacco  should  be 
set  in  the  school  garden,  back  of  plants  of  smaller  size.  The  pupils 
will  discover  that  liberal  fertilizing  is  necessary  for  tobacco,  and  that 
it  has  its  peculiar  insect  pests. 

In  some  counties  of  New  York,  hop  growing  is  a  prominent  in- 
dustry. The  hop  is  a  graceful  twiner,  and  may  be  trained  over 
arches  at  intervals  along  the  garden  paths.  Clusters  of  hops  may  be 
used  in  classroom  decorations  for  the  opening  weeks  of  the  fall 
term.     Hops  need  comparatively  little  care,  and  yield  good  returns. 

Other  useful  plants  that  may  be  cultivated  in  the  school  garden 
are  broom  corn ;  sweet  potatoes,  whose  stems  are  beautiful  vines ; 
peanuts ;  chicory,  producing  bright  blue  flowers ;  rye ;  barley,  and 
buckwheat.  The  herbs  of  the  kitchen  garden  are  of  interest  because 
of  their  flavoring  qualities  and  wholesome  odors.  Among  them  are 
sage,  spearmint,  white  mustard,  caraway,  summer  savory,  coriander, 
anise,  thyme,  dill,  fennel,  and  sweet  marjoram.  Many  of  these  enter 
into  pharmaceutical  preparations  as  well  as  into  foods.  Some  of 
them  have  pleasing  foliage  and  pretty,  although  rather  inconspicu- 
ous, flowers.  Their  cultivation  is  simple  and  their  care  trifling. 
Their  cultivation  extends  the  child's  knowledge  of  useful  plants.  A 
handful  of  sage  or  of  summer  savory  from  a  jnipil  might  be  as 
pleasing  in  his  home  as  a  handful  of  scarlet  salvia. 

There  are  many  useful  plants  from  the  tropics  that  may  be  grown 
in  tubs.  Some  of  these  are  coflfee,  tea,  orange,  legion,  banana,  pine- 
apple, rubber  plant,  date  palm,  and  agave.  Coflfee  as  an  import 
commodity  in  the  I'nited  States  is  exceeded  only  by  sugar.  Coflfee, 
sugar,  and  tea  are  used  in  every  home.     The  citrus  fruits,  bananas. 
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and  pineapples  are  found  on  every  fruitstand.  All  of  the  tropical 
plants  are  evergreen,  and  many  of  them  are  cultivated  as  house 
plants  for  their  beautiful  foliage.  Plants  of  this  order  may  be  kept 
for  geographical  study,  at  the  same  time  to  add  beauty  to  the  school 
garden,  and  variety  to  the  plant  collection.  A  study  of  these  tropical 
plants  shows  their  peculiar  needs,  and  how  they  may  be  adjusted  to 
new  climatic  conditions.  If  the  school  can  not  keep  these  tropical 
plants  safely  through  the  winter,  then  a  local  florist  will  care  for 
them  in  his  greenhouse  for  a  small  consideration.  Sometimes  a 
florist  will  rent  potted  plants  for  the  season.  But  school  ownership 
means  greater  interest. 

A  school  garden  large  enough  to  admit  of  trees  should  have  at 
least  one  of  each  of  our  native  conifers:  white  pine,  spruce,  balsam 
fir,  hemlock,  white  cedar,  and  tamarack.  It  may  also  have  a  sugar 
maple,  box  elder  (the  ash  leaf  maple),  Snd  sassafras. 

The  matured  products  of  the  school  garden  should  contribute 
annually  to  the  school  museum,  and  be  used  in  geography  teaching 
and  nature  study  whenever  they  will  illustrate  such  teaching. 

The  classes  in  drawing  will  find  wheat,  corn,  flax,  hops,  chicory, 
the  castor  oil  plant,  clover  and  many  other  plants  of  the  school  gar- 
den both  pleasing  and  profitable  subjects  for  study.  The  artist 
prefers  single  flowers  to  double,  and  the  more  familiar  plants  to 
exotics. 

Many  school  gardens  are  too  small  for  the  cidtivati6n  in  one 
season  of  all  the  plants  here  named.  In  such  a  case,  let  there  be 
rotation.  "  We  have  raised  wheat,  corn,  flax,  sugar  beets,  tobacco, 
and  timothy  this  year;  next  year  we  shall  raise  rye,  buckwheat, 
hemp,  sorghum,  hops,  and  alfalfa."  This  will  hold  interest  through 
change  of  material,  which  in  turn  requires  change  of  methods  of 
cultivation. 

The  plan  of  the  school  garden  must  be  determined  by  the  kinds 
of  plants  to  be  cultivated ;  and  the  size  of  the  plats  must  be  deter- 
mined both  by  the  size  of  the  garden  and  by  the  number  of  kinds 
of  plants  to  be  introduced. 

Summary.  The  relating  of  school  gardens  to  industrial  and 
commercial  geography  would  more  nearly  realize  the  aim  which  led 
to  their  being  opened.  Such  relation  would  still  furnish  oppor- 
tunity for  the  nature  study  work,  and  also  correlate  nature  study  and 
geography,  thereby  saving  time  and  energ\'  in  teaching.  Nature 
study  and  geography  have  in  common  much  literature,  art,  manual 
exercises,  and  museum  s])ecimens.     The  two  have  field  excursions. 
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and  use  the  brush,  the  crayon,  and  the  molding  board  to  express 
ideas.  In  one  school  Tiffany's  nature  study  cabinet  furnishes  mate- 
rial for  geography  oftener  than  for  nature  study.  The  school  garden 
as  suggested  in  this  paper  would  require  far  less  outlay  of  time  and 
money,  and  require  less  care  than  the  nature  study  garden  planted 
in  flowers.  Under  the  right  teacher  —  and  no  school  work  "  goes  '* 
unless  under  the  right  teacher  —  the  emotions  would  be  exercised  on 
a  high  plane  —  the  plane  of  patriotism.  Many  nature  study  advo- 
cates overlook  the  utilitarian  idea.  This  idea  is  thought  to  be 
sordid.  In  this  practical  age,  the  utilitarian  idea  must  not  be  lost 
sight  of.  The  aim  of  education  is  or  should  be  to  develop  the 
socially  efficient  individual.  The  first  requisite  of  the  socially  effi- 
cient citizen  is  that  he  be  able  to  **  pull  his  own  weight,''  that  he  be 
in  no  wise  a  drag  upon  society.  A  long  step  will  be  taken  toward 
the  development  of  the  socially  efficient  citizen  when  the  school 
garden  is  related  to  industrial  and  commercial  geography. 


BEFEKEHCE   BOOKS   AND  PHTBICAL   OEOORAPHT  TEACHIHO 

BY   WILLIAM   T.   MORREY,   MORRIS   HIGH  SCHOOL,   NEW   YORK  CITY 

Not  a  few  of  the  high  schools  of  tlie  State  of  New  York  neglect 
the  use  of  reference  books  in  the  teaching  of  physical  geography. 
At  the  other  extreme  is  Horace  Mann  High  School  where  all  books 
used  are  reference  books.  The  increasing  interest  in  laboratory  work 
has  tended  to  decrease  the  book  work,  perliaps,  in  a  few  schools; 
but,  on  the  whole,  the  increased  interest  in  the  subject,  the  more 
excursions,  the  more  lantern  work  tend  to  take  the  pupils  into  the 
library  to  supplement  their  texts. 

Some  teachers  prefer  to  assign  in  advance  to  selected  pupils  spe- 
cific topics  to  be  reported  on  when  the  class  as  a  class  take^  up  the 
new  subject.  This  method  requires  more  thought  of  the  pupil  and 
benefits  the  individual  most.  Such  reports  may  not  be  so  good  as 
those  made  by  the  pupils  who  approach  their  subjects  with  more 
preliminary  knowledge.  Many  teachers  prefer  to  present  new  topics 
in  their  own  way.  Another  method  is  to  have  the  reports  expand, 
emphasize  or  make  specific  the  subject  that  has  been  presented  by  the 
teacher  and  studied  by  all.  The  thin!  method  is  the  one  I  have  used, 
not  only  to  bridge  the  week  or  two  between  exaniiiiatii^is  and  the 
end  of  the  year,  but  also  use  it  at  times  to  ])repare  for  the  examina- 
tions.    It  serves  as  a  pleasant  and  profitable  review.     It  enables  the 
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pupil  to  apply  his  general  knowledge  to  some  specific  new  prob- 
lem. It  gives  some  training  in  work  more  or  less  of  the  nature  of 
research.  All  the  reports  tend  to  acquaint  the  class  with  the  avail- 
able literature  of.  the  subject.  There  is  also  some  satisfaction  un- 
doubtedly in  being  recognized  as  authority  on  at  least  one  subject. 

When  I  am  ready  to  start  this  library  work,  I  have  every  pupil 
make  out  a  list  of  four  or  five  topics  in  their  order  of  preference, 
after  I  have  read  to  them  a  list  of  topics  that  have  been  discussed 
or  that  may  be  w^orth  discussing.  Suggestions  are  asked.  I  then 
at  my  leisure  go  carefully  over  these  lists  and  assign  to  each  pupil 
as  nearly  as  possible  what  he  asked  for  or  what  I  think  will  do  him 
the  most  good.  If  necessary  to  cover  very  desirable  ground,  pupils 
are  assigned  topics  without  consulting  their  preferences. 

Pupils  report  —  sometimes  by  reading  a  fonnal  report  (counting 
at  times  as  one  of  the  formally  prepared  papers  for  the  English 
Department),  sometimes  by  an  informal  talk  with  or  without  brief 
notes.  We  have  had  very  creditable  pupil  lectures  illustrated  by 
stereopticon. 

♦  Synopses  or  outlines  on  uniform  paper  have  at  times  been  required 
of  every  pupil.  In  later  terms  these  synopses  may  be  turned  over 
toother  pupils  to  combine,  classify,  criticize,  or  use  in  the  treatment 
of  the  same  topic  by  some  new  authority  in  the  same  field. 

I  shall  give  in  the  approximate  order  of  the  syllabus  a  few  topics" 
given  in  the  reference  books  suggested  in  the  Directions  for  Per- 
forming the  Laboratory  Exercises  contained  in  the  Syllabus  for 
Physical  Geograi)hy,  issued  by  the  State  Education  Department  at 
Albany. 

1  The  Nebular  Hypothesis  as  generally  presented  is  given  in 
Winchell's  World  Life  in  a  very  convenient  form. 

2  The  Planetesimal  Theory  was  studied  at  odd  times  for  weeks 
from  Chamberlain  &  Salisbury's  Geology  and  presented  in  an 
address  that  would  have  been  honorc^d  in  any  of  the  sections  of 
the  American  Association  for  the  Advancement  of  Science.  I  be- 
lieve with  the  pupil  that  this  piece  of  work  was  one  of  the  most 
valuable  things  she  did  in  her  whole  high  school  course.  It  was  a 
labor  for  love  of  science. 

3  Purely  astronomical  subjects  are  seldom  chosen  by  my  pupils 
but  one  girl  especially  interested  along  this  line  gave  us  from  cyclo- 
pedias, Todd's  Astronomy. {^ic.  a  very  valuable  ])aper  on  the  "Moon." 

4  With  reference  to  the  Sun  I  hope  to  get  an  interesting  paper 
based  on  the  Smithsonian  reprint  pamphlet  on  Solar  Radiation, 
Davis  —  Meteorology,  and  1  lann  —  Climatology. 
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5  '*  Why  the  Sky  is  Blue  "  is  discussed  in  Davis  etc. 

6  Qouds  have  been  studied  from  Ruskin  —  Modem  Painters, 
volume  II,  *'  On  the  Truth  of  Skies,"  and  the  United  States  Govern- 
ment cloud  chart.  Xo  course  in  physical  geography  has  been  in 
vain  if  it  teaches  a  lifelong  interest  in  the  clouds  and  an  apprecia- 
tion of  their  beauties. 

7  Climate  I  generally  have  studied  in  connection  with  the 
topographic  features  of  various  countries  and  states  so  widely  dis- 
tributed over  the  world  that  the  principal  types  will  be  illustrated. 
Every  pupil  should  select  at  least  one  country,  state,  city,  or  island 
to  show  the  interrelations  between  the  climate,  topc^aphy,  man- 
ners, customs,  principal  products,  and  history'. 

Mill  —  International  Geography  may  be  taken  as  basis  upon  which 
Baedeker  may  be  built.  Partsch  —  Central  Europe.  Mackinder  — 
British  Isles,  bulletins  of  the  Bureau  of  American  Republics,  and 
Bartholomew  —  Atlas  of  Meteorolog>'. 

England,  Ireland,  Scotland,  Spain,  France,  Germany,  Rtissia, 
Italy,  Greece,  Egypt,  Palestine,  Mongolia,  Japan,  Philippines, 
Australia,  Hawaii,  Chili,  Peru,  Ecuador,  Columbia,  Jamaica,  Culja, 
—  California,  Texas,  Florida,  X'irginia,  New  York,  Ohio,  Min- 
nesota, Washington  —  San  Francisco,  Mexico  City,  Pekin,  Madrid, 
Lisbon,  etc.  Comparisons  of  cities  along  the  same  parallel  as  Xezi' 
York  and  Denver,  Lisbon  and  Madrid, 

8  Changes  in  climate  may  be  considered  in  the  study  of  Lakes 
Bonneville  and  Lahontan  —  U.  S.  Geol.  Sur.  Bulletin  —  Ice  Age. 
Croll  —  Climate  and  Time. 

9  Climate  of  Xen'  York  State  —  Turner  in  Tarr  —  Physical 
Geography  of  New  York  State. 

ID  Climate  of  Xew  York  City  in  the  Annual  Averages  and  Sum- 
maries of  the  Meteorological  Observatory  in  Central  Park. 

11  Life  in  the  Sea,  Origin  of  Life,  Sea  Bottom  in  Smithsonian 
reprints,  Ilickson,  Mill,  etc. 

12  Mediterranean  —  Smithsonian  reprints,  Suess  (Reclus). 

13  Sea  Level,  the  Disturbing  Effects  of  Land  Masses  thereon, 
and  Effect  on  Gravity  —  Suess — Face  of  the  Earth. 

14  7  he  Deluge  is  treated  in  an  interesting  way  in  Suess.  but 
as  yet  1  have  not  ventured  to  have  it  discussed  in  my  classes,  com- 
posed as  are  all  of  New  York  city  public  schools  of  pupils  of  many 
religions. 

15  Ca'i'cs,  Ground  Water,  etc.     Shaler  —  First  Book  in  Geolog>'. 

16  Life  History  of  a  River,  Russell  —  Rivers  of  North  America. 
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17  Niagara  Falls,  Physiography  of  the  United  States  and 
several  reports  published  by  the  New  York  Museum,  Niagara  Com- 
mission. I  :  f  /• 

18  Lakes,  Tarr  —  Physical  Geography  of  New  York  State, 
Dryer — Indiana  Geography,  Lakes  Agassis,  Bonneville,  Lahontan 

—  U.   S.   Geol.   Sur.   Rep'ts,   Lake  Passaic  —  N.  J.   Rep'ts,   Lake 
Iroquois,  N.  Y.  State  Rep'ts. 

ig  Glaciers  are  very  popular  subjects.  Ball — Astronomical 
Causes  of  an  Ice  Age,  Glacial  Phenomena,  Tyndale  —  Forms  of 
Water.  Russell  —  Life  History  of  a  Glacier  in  his  Glaciers  of 
North  America,  IVork  of  a  Glacier  —  Chamberlain  and  SaHsbury 

—  Geology,    Glacial    Marginal    Lakes,    Woodworth  —  Pleistocene 
Geology  of  Long  Island.     See  above  under  Lakes  also. 

20  Rocks  of  Manhattan  —  Gratacap  —  Geology  of  New  York 
City  in  connection  with  Diller  —  Study  of  Rocks. 

21  Clay,  a  chapter  in  Ries  —  Qays  of  New  York  State,  N.  Y. 
State.  Mus.  Bui.  35. 

22  Soils,  Handful  of  Soil  —  Cornell  Nature  Study  Ser. 

23  Diastrophism,  Vulcanism,  Gradation  should  be  studied  from 
Powell's  articles  in  the  Physiography  of  the  United  States. 
(Suess,  etc.) 

24  Dislocations,  Suess,  v.i. 

25  Volcanoes  is  the  first  choice  of  the  most  pupils.  Assign 
Vesuvius,  Pelee,  Hawaii,  Etna,  Hecla  to  various  pupils.  Refer 
to  the  geologies  in  stock. 

26  Stages  of  Denudation  of  Volcanoes,  Suess. 

27  History  of  the  Palisades,  U.  S.  Geologic  Folio  83  New  York 
City. 

28  The  Work  of  the  Winds,  Chamberlain  and  Salisbury  — 
Geology. 

29  Geographic  Cycle,  Dryer  —  Physical  Geography. 

30  Plains  —  Tarr — Physical  Geography  of  New  York  State. 

31  Plateaus,  (Powell's  Colorado).  Dutton  in  v.2  U.  S.  Geol. 
Sur. 

T^  Mountains,  Lubbock — Scenery  of  Switzerland,  Tarr  — 
N.  Y.  Physical  Geography,  Chamberlain  and  Salisbury,  etc. 

T^;^  Shore  Lines — Avebury  (Lubbock) — Scenery  of  England. 
Geike  —  Scenery  of  Scotland. 

34  Coral  Islands  —  and  Coral  —  standard  geologies. 

35  Mangrove  —  L".  S.  Geol.  Sur.  An.  Rep't   17. 

36  Harbors — Shaler  —  Sea  and  I^nd,  and  in  U.  S.  Geol.  Sur. 
An.  Rep't. 
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There  are  always  many  interesting  questions  about  one's  own 
neighborhood  the  investigation  of  which  in  the  field  or  in  what  has 
been  published  adds  enthusiasm  and  interest.  I  add  a  few  that 
suggest  themselves  about  New  York  city. 

yj  How  docs  it  come  that  the  Hudson  River  is  where  it  is? 

38  Account  for  the  Harlem  plain. 

39  Account  for  Mount  Morris. 

40  What  agencies  may  have  determined  the  location  of  the  de- 
pressions through  the  east  bank  of  the  Hudson  at  Spuyten  Duyvil, 
In  wood,  Manhattan  street  and  129th  street,  and  Canal  street? 

41  Former  Drainage  of  Manhattan  Island  [Col.  Waring —  Half 
Moon  Ser.,  Holt  &  Co.] 

42  Folds  and  Faulting  Here. 

43  The  Malaria  Map  and  What  it  Shows. 

44,  45  As  a  general  summary  it  would  be  well  to  divide  among 
several  pupils  the  various  chapters  of  Prof.  Brigham's  Geographic 
Influence  on  American  History  and  Semple's  American  History 
vid  Its  Geographic  Conditions. 

46  Romanes  —  Scientific  Ezndences  of  Organic  Evolution  lends 
Itself  readily,  to  presentation  in  class  and  serves  as  an  excellent 
Tieans  of  correlating  anatomy,  paleontology,  geology  and  other 
sciences  with  our  subject.  It  is  interesting,  instructive  and  stimu- 
lating. Its  discussion  serves  as  a  fitting  conclusion  to  the  term's 
ivork. 
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Section  D  — MATHEMATICS 

SECONDARY   MATHZXATICB   FKOM   A   COLLEGE  BTAITDPOIHT 

BY   H.   E.   HAWKES,   VALE  UNIV^ERSITY,   NEW   HAVEN,  CT. 

In  a  discussion  of  secondary  mathematics  from  a  college  point  of 
view,  or  in  fact  from  any  other  point  of  view,  it  is  essential  that 
we  have  a  clear  understanding  of  certain  principles  by  which  we 
may  determine  what  is  of  vital  importance  in  mathematical  teaching. 
Before  attempting  to  discuss  particular  features  of  our  subject,  such 
principles  must  be  presented. 

Throughout  the  period  of  upheaval  to  which  our  curriculum  has 
been  subject  in  the  last  20  years,  mathematics  has  by  common  con- 
sent remained  nearly  stationary.  The  classics  have  been  fighting 
furiously  for  continued  promineiKe,-  the  modern  literatures  and  his- 
tory are  fighting  for  recognition.  The  absence  of  a  severe  struggle 
for  existence  on  the  part  of  teachers  of  mathematics  has  perhaps 
rendered  less  necessary  an  explicit  justification  of  the  place  that 
the  subject  holds.  When  analyzed,  some  of  the  common  argu- 
ments for  the  study  of  mathematics  are  seen  ti^  have  very  little 
force.  When  one  is  asked  by  parent  or  student  to  assign  a  reason 
why  he  should  continue  the  subject,  one  is  tempted  to  present  the 
old  familiar  phrases,  *'  mental  training,"  "  disciplinary  study,"  from 
which  the  meaning  has  long  ago  vanished  for  many  of  us.  The 
phrases  still  sound  attractive,  but  are  they  convincing?  Who  could 
convince  the  teacher  of  I^tin  that  better  "  mental  training,''  what-* 
ever  that  may  be,  can  be  obtained  from  geometry  than  from  Latin 
composition,  or  the  teacher  of  history,  that  leaming  the  multipli- 
cation table  is  more  "disciplinary'*  than  learning  a  list  of  dates? 

We  know  what  ])hysical  training  is.  W^e  can  experiment  with 
different  exercises,  and  determine  by  examination  or  measurement 
the  effect  of  each  on  our  nuiscles  and  bo<lily  functions.  The  very 
expression,  **  mental  training,"  assumes  that  the  analogy  between 
the  life  and  growth  of  body,  and  that  of  the  mind  is  a  safe  one  on 
which  to  reason.  This  is  of  course  far  from  the  truth.  Psychology 
has  very  littU*  to  tell  n/ regarding  the  comparative  effect  of  various 
studies  on  the  mind ;  it  has  no  means  of  measuring  the  relative 
value  of  a  Latin  lesson  and  of  an  algebra  lesson  in  producing  culture. 

We  must  go  deeper  to  justify  either  to  ourselves  or  to  others  the 
important  place  held  by   mathematics  in   our  educational  system. 
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We  must  determine  what  an  education  is.  It  will  then  be  an  easy 
matter  to  give  mathematics  its  proper  place,  and  to  estimate  rather 
closely  the  educational  value  of  the  various  parts  of  the  subject. 
Numerous  excellent  descriptions  of  the  process  of  education  have 
been  given,  and,  when  the  terms  employed  are  properly  defined,  many 
of  them  express  about  the  same  idea.  Here  is  one  that  is  slightly 
modified  from  a  statement  of  Huxley.  To  educate  is  to  instruct 
the  intellect  in  the  facts  and  lazes  of  nature  —  including  men  and 
customs  as  zcell  as  things  and  forces  —  and  to  fashion  the  affections 
and  the  zcill  into  a  desire  to  move  in  harmony  zcith  those  lazvs. 
The  term,  laws  of  nature,  should  be  understood  in  a  very  broad 
sense,  and  shouUl  include  the  laws  that  underlie  the  development  of 
the  arts,  literature,  and  all  fields  of  human  activity. 

This  statement  falls  into  two  parts:  (i)  Instruction  regarding 
facts  and  laws,  as  truths  outside  of  and  independent  of  the  learner. 
(2)  A  personal  appeal  to  the  individual,  not  only  to  understand  and 
a])preciate  those  laws,  but  to  make  them  a  part  of  his  own  mental 
outfit,  anil  to  move  in  harmony  with  them.  The  first  part  is  statics 
of  education,  the  second  the  dynamics. 

Let  us  now  analyze  the  subjects  in  secondary  mathematics,  and 
estimate  somewhat  in  detail  their  value.  Consider  first,  plane 
geometry.  It  is  an  essential  characteristic  of  a  subject  that  we 
should  admit  into  our  schools  that  it  teaches  facts  and  laws  which 
are  of  impi>rtance  to  our  society.  The  most  important  facts  taught 
by  geometry  are  the  rules  of  mensuration,  by  means  of  which  the 
areas  and  volumes  of  all  the  simple  figures  in  the  world  around  us 
can  l)e  measure<l.  There  is  [)erhaps  no  more  effective  means  of 
holding  the  attention  of  the  less  competent  members  of  a  class  in 
geometry  than  frequent  reference  to  this  aim.  It  ap]>eals  to  any 
normal  mind  as  a  definite  and  worthy  object  of  study,  and  its  im- 
|H^rtance  renders  the  more  necessary  a  complete  and  working  knowl- 
edge oi  tho^e  mles.  It  is  this  fact  that  gives  the  great  pedagogical 
value  10  ninnerical  problems  worked  out  along  with  the  jinx^'s  of 
the  bix^k  theorems.  In  this  way  the  stutlent  sees  as  ho  pr«xx^eds  the 
ap]^lication  ot  his  result  to  practical  matters. 

The  law  that  is  taught  nx^st  etTectively  by  geometry  i<  the  law 
oi  necessary  relation  —  the  fumlamental  principle  that  it  is  ]x^s- 
siba  If  arrive  at  the  unknown  through  the  known.  It  is  nio<t  fre- 
«;i:e'i:!y  by  the  study  oi  geometry  that  the  eyes  o\  the  mind  are 
tir>i  v.nsoaloi!  i.^  the  litj^ht  oi  rationality.  The  ]^>yclio]..L:i-t>  have 
■ing  IvoTi  ia:niliar  with  the  nx>ral  awakeninir  of  the  &a\*\.     I  can 
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recall  distinctly  a  well  directed  punishment  that  was  responsible  for 
my  own  moral  awakening  on  the  subject  of  stealing.  Before  that 
time,  stealing  was  for  me  a  nonmoral  activity  —  since  that  time,  it 
has  been  immoral.  The  rational  awakening  of  the  mind  is  just  as 
definite  an  experience  as  the  moral  awakening.  The  safe  conduct 
of  the  youth  through  this  crucial  experience  is  of  such  tremendous 
educative  importance  that  any  subject  that  is  effective  in  this  direc- 
tion should  be  certain  of  a  fixed  place  in  our  curriculum  almost 
regardless  of  its  other  qualities.  That  the  study  of  plane  and  solid 
geometry  is  thus  effective  seems  probable  a  priori.  I  have  also  col- 
lected a  good  deal  of  direct  evidence  that  points  in  the  same  direc- 
tion. We  have  seen,  however,  that  geometry  is  far  from  depending 
entirely  on  this  important  quality  for  its  value  as  a  subject  for  study 
in  our  schools. 

Let  me  add  a  word  in  regard  to  the  light  that  this  period  of 
rational  awakening  throws  on  the  order  in  which  algebra  and 
geometry  should  be  taken  up.  Though  no  reliable  data  are  avail- 
able, it  is  pretty  certain  that  this  experience  is  of  relatively  late 
appearance  in  youth.  I  find,  every  year,  boys  in  the  freshman 
class  who  experience  it  in  solid  geometry,  even  after  they  have  been 
thoroughly  exposed  to  plane  geometry.  This  indicates  that  algebra, 
where  the  acquirement  of  a  technic  is  the  all  important  result,  should 
precede  geometry,  the  latter  being  deferred  to  the  maturer  years, 
when  the  mind  is  more  surely  prepared  for  an  appreciation  of  the 
subject. 

As  judged  by  the  first  part  of  Huxley's  definitions  of  education, 
geometry  seems  worthy  of  a  high  place  in  our  curriculum.  Let  us 
consider  the  effect  of  geometrical  study  in  bringing  the  mind  into 
harmony  with  the  laws  to  which  it  has  discovered  itself  subject. 
By  following  through  the  theorems  in  the  textbook,  the  normal 
student  becomes  convinced  of  the  authority  of  the  law  of  reason  — 
over  the  mind  of  the  author.  He  has  yet  to  bring  his  own  mind 
into  working  harmony  with  this  law.  This  he  accomplishes  through 
the  study  of  original  problems.  Here  the  student  can  feel  the  de- 
mands of  rational  procedure.  It  is  almost  the  joy  of  creation  that 
he  experiences  in  the  solution  of  a  hard  original.  Lip  assent  is  no 
longer  adequate  —  the  mind  must  be  in  harmony  with  the  law  of 
reason. 

In  estimating  the  educative  value  of  algebra,  the  question  is  at 
the  same  time  simpler  and  more  complex.  Algebra  is  preeminently 
a  subject  for  use.     It  is  a  tool.     Its  function  in  an  education  is 
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covered  by  the  first  clause  of  Huxley's  statement.  The  facts  and 
laws  that  are  taught  center  around  the  operations  with  numbers,  or 
symbols  for  numbers.  There  is  no  great  law  that  stands  preeminent 
as  in  the  case  of  geometry,  to  the  mastery  of  which  all  energy  must 
be  directed.  The  subject  of  algebra  is  a  necessary  background  for 
the  study  of  geometry,  physics  and  in  fact  all  branches  of  exact 
science  and  technical  training.  Its  function  is  more  humble  than 
that  of  geometry ;  its  mission  is  to  serve  rather  than  to  command ; 
it  plays  the  part  of  the  Martha  of  science  rather  than  that  of  the 
Mary.  It  is  necessary  to  our  curriculum  in  perhaps  a  broader  sense 
than  is  geometry.  The  other  subjects  must  refer  to  it,  but  the  value 
of  the  subject  for  itself  is  by  no  means  of  so  high  an  order  as  that 
of  geometry. 

The  by-products  of  the  study  of  both  algebra  and  geometry,  for 
instance,  accuracy,  good  form,  persistence  may  be  dismissed  with 
mere  mention. 

I  wish  now  to  go  into  a  little  detail  in  regard  to  certain  vital 
points  in  the  teaching  of  geometry.  The  principles  that  have  been 
laid  down  should  be  of  assistance  in  this  discussion  of  particular 
questions.  We  undoubtedly  agree  that  at  present  the  student  is  so 
crowded  with  book  work  that  must  be  covered  that  all  too  little 
time  is  left  for  that  most  important  work  of  all,  a  systematic,  pro- 
gressive and  careful  training  in  the  solution  of  original  problems. 
Any  relief  that  can  be  obtained  from  book  work  tends  to  greater 
efficiency  there.  Let  us  keep  in  mind  that  the  explicit  aim  of  the 
book  work  is  the  proof  of  the  rules  of  mensuration  of  the  circle  and 
the  polygons.  The  sooner  and  easier  we  can  get  these  proofs,  con- 
sistently with  sound  reasoning,  the  better. 

First,  let  us  consider  the  relation  of  the  axioms  to  the  body  of 
theorems  in  plane  geometry.  The  dictionary  says  that  axioms  are 
self-evident  —  the  textbook  in  geometry  often  says  the  same  thing. 
But  how  about  theorems?  May  they  not  be  self-evident  too,  even 
more  clearly  self-evident  than  the  axioms?  For  instance.  Fuclid 
gives  as  his  parallel  axiom,  "  If  two  straight  lines  are  cut  by  a  third 
straight  line,  and  the  sum  of  the  interior  angles  on  the  same  side 
of  the  transversal  is  less  than  two  right  angles,  then  the  two  straight 
lines  meet,  and  that  on  that  side  of  the  transversal  where  the  sum 
of  the  angles  is  less  than  two  right  angles."  He  proves  as  a  theorem 
that  "the  sum  of  two  sides  of  a  triangle  is  greater  than  the  third 
side."    Which  statement  I  ask  is  more  clearly  self-evident? 

Xo  one  would  say  that  Euclid's  parallel  axiom  is  more  self-evident 
than  many  of  his  theorems.     Self-evidence  is.  then,  not  the  distinc- 
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tion  between  an  axiom  and  a  theorem.  As  a  matter  of  fact,  Euclid 
knew  what  a  geometrical  axiom  is  better  than  his  followers  for 
many  hundred  years.  He  realized,  as  we  do  today,  that  the  geo- 
metrical axiom  is  a  statement  that  we  take  as  the  basis  for  the  logical 
development  of  our  geometry,  and  that  self-evidence  has  nothing  to 
do  with  it.  We  may  assume  many  different  sets  of  statements  as 
axioms,  and  develop  geometries  from  each  of  them.  The  geometries 
might  differ  in  content  to  a  wide  extent,  but  would  be  in  every 
case  the  logical  consequences  of  their  axioms.  In  recent  years  the 
attempt  to  find  simpler  axioms  than  those  usually  assumed  has  been 
very  far-reaching,  and  we  now  know^  that  a  set  of  axioms  for  our 
geometry  that  comprises  the  fewest  possible  independent  statements 
renders  as  theorems  a  large  number  of  statements  that  we  always 
tacitly  assume  in  our  textbooks,  or  else  include  in  some  more  com- 
prehensive axiom  or  definition.  In  order  to  push  back  the  axioms 
to  the  fewest  and  simplest  logically,  proof  must  be  given  of  theorems 
which  would  be  included  in  a  more  extended  set  of  axioms.  In 
some  of  our  common  textbooks  this  tendency  is  noticeable.  We 
often  see  the  theorems,  '*A11  straight  angles  are  equal,"  "All  right 
angles  are  equal,'*  and  the  like  proved.  I  ask,  w-hat  is  the  use? 
Didn't  we  think  they  were  true  before  we  proved  them?  Did  the 
proof  make  us  any  more  sure  of  their  validity?  The  students  all 
say,  "  Why,  any  fool  knows  that !"  True  they  have  been  given  an 
opportunity  to  use  their  reason,  but  there  are  plenty  of  theorems 
left  that  are  not  self-evident  in  which  we  can  get  practice  in  logic. 
It  strikes  the  student  as  too  much  like  getting  out  of  a  battleship 
to  kill  a  mosquito.  The  geometrical  intuition  of  elementary  stu- 
dents is  outraged  by  such  theorems,  and  they  certainly  bring  about 
a  lack  of  interest  in  and  respect  for  geometry.  Such  theorems  do 
not  give  us  any  new  facts,  they  do  not  teach  the  boy  how  to  reason 
a  whit  better  than  the  theorems  that  he  considers  worth  proving, 
they  certainly  do  not  attune  his  mind  to  the  verities  of  science, 
and  they  consume  valuable  time.  The  way  out  is  very  simple.  So 
choose  a  body  of  axioms  or  assumed  truths  as  to  include  all  of 
those  theorems  that  are  self-evident.  We  know  that  w^e  can't  use 
the  most  fundamental  geometrical  assumptions  as  axioms  even  if 
we  want  to,  since  it  would  make  the  geometry  unteachable.  Why, 
then,  should  we  strain  so  strenuously  in  that  direction?  Make  as 
axioms  statements  that  any  one  would  accept  as  true  in  s])ace  with- 
out f)r()of.  and  avoid  those  trivial  theorems.  This  is  not  a  matter 
that  a  teacher  can  be  expected  to  carry  out  individually.     It  is  one 
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of  the  important  points  to  keep  in  mind  when  selecting  textbooks. 
In  many  schools  a  course  in  drawing  or  inventional  geometry  or 
some  such  subject  precedes  the  study  of  geometry  in  which  the 
pupil  may  become  familiar  with  geometrical  language,  and  through 
which  these  self-evident  truths  become  indeed  self-evident.  This  is 
of  course  a  great  help.  I  wish  parenthetically  to  protest  against  the 
feeling  that  exists  in  some  quarters  that  all  the  large  colleges  insist 
on  this  hairsplitting  method  of  teaching  geometry,  which  is  alike 
unscientific  and  unpedagogical. 

I  wish  now  to  say  a  few  words  about  the  theory  of  limits.  During 
10  years'  experience  in  teaching  geometry  to  students  who  have 
been  in  general  carefully  prepared  by  the  best  of  teachers,  I  do  not 
believe  I  have  met  a  dozen  who  understood  the  theory  of  limits. 
This  is  not  the  fault  of  the  students,  nor  of  the  teachers,  nor  en- 
tirely of  the  textbooks.  The  difficulty  lies  in  the  fact  that  we  are 
trying  to  do  something  that  can't  be  done.  To  give  an  average 
boy  from  14  to  16  years  of  age  a  convincing  sense  that  the  proofs 
on  limits  are  arithmetical  in  their  essence,  to  train  him  to  watch 
carefully  the  crucial  point  of  the  proof,  namely  that  the  diflference 
between  the  variable  and  its  limit  can  be  made  less  than  any 
assigned  value  is  a  task  so  out.  of  the  swing  of  the  rest  of  the 
geometry  that  it  is  doubtful  if  it  can  be  done  with  any  degree  of 
success  even  with  textbooks  that  are  beyond  reproach.  You  recall 
that  each  of  the  theorems  in  the  first  four  books  of  geometry'  that 
use  the  theory  of  limits  are  divided  into  a  commensurable  and  an 
incommensurable  case.  Nov/  to  begin  v/ith,  the  incommensurable 
case  enters  to  meet  a  mathematical  ratlier  than  a  practical  difficulty. 
No  draftsman  or  mechanic  was  ever  embarrassed  because  he  could 
not  measure  a  line  exactly  \/2  feet  long.  The  proof  of  the  com- 
mensurable case  is  sufficient  to  give  mental  satisfaction  to  any  one 
in  regard  to  the  proof  of  any  of  those  theorems.  Ev^n  the  fact  that 
a  regular  inscribed  or  circumscribed  polygon  approaches  the  circle 
as  a  limit  is  evident  after  a  few  words  of  explanation. 

Several  ways  are  open  to  us.  We  may  give  enough  time  to  the 
theory  so  that  the  students  understand  thoroughly  a  rigorous  treat- 
ment of  the  subject.  This  would  reciuirc  much  more  time  than 
could  be  spared  for  it,  and  probably  could  not  be  carried  through 
in  any  length  of  time.  We  may  continue  to  give  the  students  the 
present  proofs  which  they  do  not  understand,  and  which  are  far 
from  rigorous.  If  we  recommend  these  proofs  as  rigorous,  it  is 
not  honest ;  if  we  state  that  they  merely  serve  to  give  mental  satis- 
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faction  of  the  truth  of  the  theorems,  we  surely  fail,  for  they  saw 
the  truth  of  the  theorem  clearly  enough  from  the  commensurable 
case.  The  theory  of  limits  obscures  rather  than  illumines  the  truth 
to  their  minds.  We  may  explain  the  existence  of  the  incommen- 
surable case  as  fi  mathematical  difficulty,  illustrate  it,  and  state 
that  as  a  rigorous  treatment  is  out  of  the  question  at  present,  and 
that  the  proofs  will  be  found  —  somewhere  else.  In  this  way  we 
save  time,  the  interest  of  the  student  and  our  reputation  for  scien- 
tific accuracy.  Perhaps  we  shall  decide  to  hear  students  flounder 
around  over  their  heads  in  v/ords  a  few  years  more  before  taking 
such  a  radical  step.  Perhaps  the  matter  will  not  be  settled  in  quite 
the  way  I  have  suggested,  but  one  thing  is  clear.  From  every  point 
of  view  that  I  am  able  to  take,  the  theory  of  limits  in  elementary 
teaching  seems  a  failure.  If  both  secondary  and  college  teachers 
suddenly  discover  that  they  agree  on  this  point,  the  rest  is  simple. 
To  sum  up  then.  The  tendency  in  the  teaching  of  geometry 
should  be  not  in  the  direction  of  including  more  new  matter,  but 
rather  of  omitting  the  unessential,  making  possible  the  more  thor- 
ough and  complete  mastery  of  the  important  educative  elements  in 
plane  geometry. 


WSAT   EQUIPMENT   18   NEEDED   FOB   THE   EFFECTIVE   TEACHING    OF   HIGH 
SCHOOL  XATHEMATIC8? 

r 

BY   C.   E.   BIKLE,    IIOR.ACE   MANN    HIGH    SCHOOL,   NEW   YORK    CITY 

In  considering  the  teaching  of  high  school  mathematics  the  first 
question  to  arise  is,  naturally,  '*  What  shall  we  teach  ?" 

Teachers  of  mathematics  in  high  schools  are  confronted  at  the 
present  time  by  a  peculiarly  unsettled  state  of  the  curriculum.  Two 
elements  enter  into  this  unrest:  the  constant  effort  everywhere  to 
improve  the  arrangement  of  subject-matter,  and  the  condition  present 
in  many  instances,  where  the  same  class  work  must  suffice  for  the 
students  preparing  for  college  and  those 'whose  education  is  to  end 
with  the  high  school. 

The  College  Entrance  Examination  Board  of  the  Middle  States 
and  Maryland  has  simplified  matters  here  in  the  East,  by  defining 
pretty  clearly  the  work  required  of  **  college  preparatory  "  students. 
The  system  originated  by  this  board  marks  a  great  advance  in  the 
method  of  managing  the  admission  of  students  to  college.     But 
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as  Professor  Thomdike  points  out  in  the  Educational  Review  of 
May  1906, 

We  may  assume  that  the  work  which  members  of  this  board 
may  hope  to  do,  in  making  the  connections  between  school  and 
college  rational  in  all  respects,  is  more  important  than  the  admirable 
work  already  done  in  systematizing  and  simplifying  the  conditions 
of  entrance  examinations. 

Now,  what  the  mathematics  of  the  high  school  shall  be,  is  a  prob- 
lem which  ought  not  to  be  determined  by  reference  to  college  en- 
trance requirements  except  in  those  schools  which  make  preparation 
for  college  their  main  object;  for  no  teacher  will  assert  that  the 
course  in  mathematics  which  prepares  pupils  for  the  ordeal  of  the 
college  (examination  is  the  one  best  adapted  "  for  the  harmonious 
development  of  all  the  faculties." 

In  the  School  Reviezv  for  January  1906  is  an  article  by  Prof. 
G.  W.  Myers,  College  of  Education,  University  of  Chicago,  on 
**  Mathematics  in  the  (Chicago)  University  High  School."  In  that 
school  the  mathematical  faculty  is  attempting  to  arrange  a  course 
of  study  in  which  the  related  material  of  arithmetic,  algebra  and 
geometry  shall  be  organized  and  associated.  This  is,  of  course,  only 
a  correlation  of  the  mathematical  subjects  among  themselves,  but  it 
is  a  sound  method  of  procedure  and  one  which  commends  itself  to 
all  teachers.  It  will  result  in  giving  greater  mathematical  power 
to  the  pupils,  and  will  meet  with  the  approval  of  the  colleges.  The 
plan  seems  to  me  much  superior  to  tliat  proposed  by  the  Central 
Association  of  Science  and  Mathematics  Teachers  in  the  publica- 
tions with  which  you  are  doubtless  familiar. 

Just  what  the  reformed  mathematics  of  the  secondary  school  will 
become,  is  not  yet  determined,  but  the  reform  movement  has  been 
started  and  will  without  doubt  be  much  advanced  by  the  closer 
affiliation  of  the  already  existing  associations  of  teachers  of  mathe- 
matics and  science. 

Teachers  interested  in  this  movement  will  find  inspiration  in 
books  recently  published  in  England  such  as  Castle's  Manual  of 
Practical  Mathematics  published  by  Macmillan.  and  ./  Course  in 
Practical  Mathematics  by  F.  M.  Saxelby.  publislie-l  bv  L(Mignians, 
Greene  &  Co.  The  latter  book  was  reviewed  by  Dr  David  Eugene 
Smith  in  the  June  bulletin  of  the  American  Mathematical  Society. 
However,  in  the  word  I  shall  have  to  say  about  e(|uipnient  for 
effective  teaching  I  shall  assume  the  curriculuin  which  most  of  tis 
are  now  using. 
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First,  in  order  in  the  equipment  for  the  effective  teaching  of  high 
school  mathematics  I  should  put  the  teacher,  lie  must  have  not 
only  scholastic  attainment  but  the  ability  to  teach.  Dr  Smith  told 
you  in  his  lecture  of  last  evening  what  the  preparation  of  the  teacher 
should  be.  His  point,  that  the  young  teacher  should  never  lose 
sight  of  the  fact  that  he  must  reach  boys  and  girls,  can  not  be  too 
much  emphasized.  Some  of  you  may  have  heard  of  the  young  man, 
a  thorough  scholar  in  mathematics,  who  when  first  confronted  by  a 
beginning  class  in  geometry,  assigned  a  lesson  after  this  fashion: 
**  Write  a  paper  comparing  your  text  with  that  of  Euclid."  ^ 

Second  in  importance  in  the  equipment  for  effective  teaching 
stands  the  mathematical  library  of  the  school  —  books  for  teachers 
and  books  for  pupils.  1  venture  to  say  that  to  all  of  us,  books  are 
necessary  for  growth,  flowever  original  an  individual's  metiiod 
of  thought,  however  fresh  his  interest  in  the  body  of  subject-matter 
that  he  must  repeatedly  consider,  the  very  fact  of  continued  thought 
from  his  own  viewpoint  will  work  as  surely  for  '*  staleness,"  as  the 
same  amount  of  the  most  commonplace  routine.  The  possibility  of 
keeping  himself  in  touch  with  the  ever  varying  views  which  new 
thinkers  are  bringing  to  bear  upon  the  old  problems  is  one  service 
rendered  by  books  to  the  teacher,  whose  work  tends  to  lose  a  certain 
freshness  through  mere  repetition. 

Books  will  give  in  some  measure  to  the  teacher  who  lacks  pro- 
fessional training  the  opportunity  to  acquire  that  wider  knowledge 
which  training  has  afforded  to  his  more  fortunate  colleagues,  while 
the  teacher  who  has  the  most  thorough  preparation  for  his  work 
must  constantly  prepare  himself  for  the  better  work  which  will 
be  required  of  him. 

The  mathematical  library  should  be  no  less  important  to  the 
pupil.  The  habit  of  consulting  reference  books  has  heretofore  been 
made  more  of  in  other  high  school  subjects  than  in  mathematics. 
This  is  a  mistake.  Any  pupil  who  is  to  pursue  a  mechanical  or 
technical  career,  or,  indeed,  any  one  who  is  to  do  good  work  in 
mathematics  later  on,  ncv(U  to  get  a  glimpse  of  the  field  of  mathe- 
matical literature,  and  to  gain  that  *'  consulting  habit "  which  will 
so  simplify  his  later  difficnlties.     A  list  of  books  recommended  as 


'  In  this  connoction  it  may  be  well  lo  refer  to  an  article  by  Dr  Smith  in  the  Proceedings 
of  the  National  E<hicational  .Association,  t<)oj.  The  title  of  the  article  is  "Does  th 
teacher's  knowledK^c  of  a  subject  'litTer  from  the  scholfir's  knowledKc?" 
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a  mathematical  library  for  high  and  normal  schools  by  the  professor 
of  mathematics  of  Teachers  College  follows : 

A  mathematical  library  for  high  schools  and  normal  schools 

The  following  list  is  prepared  to  answer  a  demand  for  information 
as  to  a  few  books  suited  to  the  needs  of  students  and  teachers.  It  is 
confessedly  incomplete,  the  desire  being  to  suggest  a  brief  list  of 
books  that  may,  at  least  in  part,  be  within  reach  of  all  high  schools 
and  normal  schools.  The  prices  are  merely  approximate,  represent- 
ing what  a  library  has  to  pay  after  the  usual  discount  is  allowed. 
Textbooks  have  been  excluded  for  obvious  reasons,  but  the  list 
should  be  supplemented  by  those  American  textbooks  that  have  dis- 
tinctive features  or  that  have  proved  usable  in  a  large  number  of 
schools. 

I  shall  be  pleased  to  give  further  assistance  in  recommending 
books,  if  teachers  will  write  me.  Foreign  books  may  be  secured 
through  importers  like  G.  E.  Stechert,  129  west  20th  street,  or 
Lemcke  &  Buechner,  11  east  17th  street.  New  York  city. 

David  Eugene  Smith 

Teachers  College 

Columbia  University 

i     For  pupils  and  teachers,  suitable  for  a  high  school  library 

ALGEBRA 

Chrystal.  Algebra.     2  v.     Macmillan  $7.50 

Fine.  Number  System  of  Algebra.     Heath  $1 

Phillips  &  Beebe.  Graphic  Algebra.     Holt  $2 

Nipher.  Introduction    to   Graphic     Algebra.     Holt    70c 

Fine.  College   Algebra.     Ginn   $1.50 

GEOMETRY 

Hall  &  Stevens.  Euclid's    Elements.     Macmillan   $1 

The  Harpur  Euclid.  Longmans  $1.10 

Casey.  Sequel    to    Euclid    (an    excellent   exercise   book) 

Longmans  $1.10 
Hocevar.  Solid    Geometry.     Lond.     Black    60c 

Henrici.  Congruent   Figures.     Longmans   50c 

Manring.  Non-Iuiclidean   Geometry.     Ginn   75c 

Row.  Geometric     Paper     Folding.     Open     Court     Pub. 

Co.  $1 
Klein.  Famous     Problems      of     Elementary     Geometry. 

Ginn  55c 
Wells.  Stereoscopic   Views   of   Solid   Geometry   Figures. 

Heath   &   Co.  $r 
Heath's     Mathematical    Monographs.     Heath     &     Co.     (Four     numbers 

IOC   ea.) 
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MATHEMATICAL   RECREATIONS 

Abbott,  E.  A.  Flatland.     Bost.    Little,   Brown   &  Co.   60c 

Schofield,  A.  T.  Another    World.     Lond.    Swan    Sonnenschein.  $1 

(The  above  two  books  are  popular  works  on  the  fourth  dimension.) 


Dodgson,  C.  L. 


HilL 
Schubert. 

Ball. 
Kempe. 


(Known  in  literature  a^  Lewis  Carroll,  author  of 

Alice  in  Wonderland) 
Pillow-problems.     Macmillan  750 
A    New  Theory  of   Parallels.    Macmillan  75c 
Euclid  and   His  Modem  Rivals.     Macmillan  $2 
Geometry   and    Faith.    Lee   &   Shepard  $1.25 
Mathematical      Essays     and     Recreations.      Open 

Court  Pub.  Co.  75c 
Mathematical    Recreations.     Macmillan    $1.75 
How   to   Draw  a   Straight   Line.     Macmillan  75c 


Fink. 
BaU. 

CajorL 
Gow. 
AUman. 
Smith. 


HISTORY    OF     MATHEMATICS 

History   of  Mathematics.    Open    Court   Pub.   Co. 

$1.50 
History  of  Mathematics.     Macmillan  $3.25 
Primer   of    History  of   Mathematics.     Macmillan 

65c 
History   of    Elementary   Mathematics.  Macmillan 

$1.50 
Short  History  of  Greek  Mathematics.  Cambridge 

$3 

Greek  Geometry  from  Thales  to  Euclid.  Long- 
mans $3.40 

Portfolios  of  Portraits  of  Eminent  Mathema- 
ticians. 2  pt.  Open  Court  Pub.  Co.  $3  ea., 
and  a  special  part  for  high  schools,  $2 


Conant. 
Brooks. 

Saxelby. 
Murray. 
Castle. 
Morris. 

Richards. 

Jones. 

Vega. 

Johnson. 


GENERAL 

Number    Concept.     Macmillan   $2 

Philosophy   of    Arithmetic.     Phila.      Sower,   Potts 
&  Co.  $2.50 

Practical    Mathematics.      Longmans   $1.85 

Practical   Mathematics.     Longmans  8oc 

Manual,  of  Practical  Mathematics.     Macmillan  $1 

Practical     Plane    and    Solid    Geometry.      Long- 
mans $1 

Navigation   and    Nautical   Astronomy.     American 
Book   Co.  $1 

Mathematical    Tables.      Ithaca,    N. 
W.   Jones  $1 

Complete      Logarithmic       Tables. 
N.  Y.     Lcmckc  &  Rucchner  $2.50 

Theory  4ind   Practice  of  Surveying. 
&  Sons  $4 


George 
place). 
John  Wiley 


(7 
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Pence   &  Ketchum.       Surveying    Manual.      X.    Y.      Engineering   News 

Pub.   Co.  $2 
Crellc.  Rechentafeln,    Lemcke    &    Buechner    (Complete 

multiplication  tables  1000  x  1000)  $4.50 
Cox.  Manual   of   the    Slide    Rule.      X.    Y.     Keuffel    & 

Esser  50c 
Duncan.  Applied   Mechanics.     Macmill^n   $1 


J    Primarily  for  teachers 


ENGLISH 


McLellan   &   Dewey. 
Smith. 

Young. 

De  Morgan. 

Lagrange. 

Dedekind. 

Bumside  &  Panton. 
Clifford. 

McMarry. 

Ahrens. 
Lucas. 

Holzmiiller. 

Cantor. 

Laisant 
Matthiessen. 

Bourlet. 

Tannery. 

Henrici  &  Treutlein. 

Mahler. 

Hadamard. 


Psychology  of  Number.     Appleton  $1.50 
Teaching    of     Elementary     Mathematics.        Mac- 

millan  $1 
Mathematics  in  German  Schools.    Longmans  8oc 
On  the  Study  and  Difficulties  of  Mathematics.      Open 

Court  Pub.  Co.  $1.25 
Lectures    on     Elementary    Mathematics.      Open 

Court  Pub.   Co.  $1 
Essays  on  Numbe/.     Open  Court  Pub.  Co.  75c 
Theory  of  Equations.     2  v.      Longmans  $3.50 
Common   Sense  of   the    Exact    Sciences.      Apple- 
ton  $1.05 
Special   Method  in  Arithmetic.     Macmillan  $1 


FOREIGN 

<  Approximate  cost  imported) 
Mathematische       Untcrhal       tungen 

Tcubner  $1.25 
Recreations       Mathematiques.        4 

Gauthicr-Villars  6oc    ea. 
L'Arithmetitiiie        Anuisante 
'     $1.50 
Elemente  dcr  Stereometric. 

zig,  about  $3 
Geschichte  dcr  Matlicmatik. 

Teubner  $19 
La    Matheniatique.      Paris. 
Grundziige     der     Algebra 

eciuations).     Tenbner  $- 
.Algebra.      Paris.      Colin   $1.50 
f/Aritlinieti(jiie.      Paris.      Colin   ^r.25 
Lelirbnch    der    IClemcntar-Gconiotrie       Teubner 
I*'benc  Geoinctrie.     Leipzig.     Sammhir.g  Goschen 

-?5c 
Geometric  clemeiitarie.    2  v.     Colin,   Paris  $4 


4   V. 


3  V. 


Leipzig. 

4      V.         Paris- 

Gauthier-Villars. 

GtKschen,  Leip- 

(The  Standard) 


Carre   et    Xaud  $1.25 
( Methods     of     solving 
50 


The   lliird   item   in  equi|)nient   inclules   what    is   generally  callcfi 
illustrative  material  or  helps.     TIk'  records  left  by  ancient  mathe- 
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maticians  indicate  comparatively  little  of  the  equipment  used  by 
the  early  teachers.  The  surprising  formulas  g^ven  by  Ahmes  for 
the  areas  of  the  isosceles  triangle  and  the  trapezoid  would  indicate 
that  the  ancient  Egyptians  might  also  have  been  saved  by  a  knowl- 
edge of  squared  paper.  The  approximation  3  for  ,  given  in  I 
Kings,  y\2i,  and  in  II  Chronicles,  4:2,  would  indicate  that  the 
Hebrew  prophet^s  mathematical  apparatus  lacked  that  fundamental 
equipment,  a  piece  of  string. 

Whatever  the  deficiencies  in  apparatus  among  the  ancients,  the 
modern  tendency  is  rather  in  the  direction  of  too  many  and  too  com- 
plicated appliances.  The  beginnings  of  geometry  were  made  when 
conditions  were  simple.  A  figure  drawn  in  the  sand,  under  the  open 
sky,  served  Thales  to  solve  geometrical  problems,  and  very  little 
more  is  absolutely  necessary  today.  In  this  simplicity  mathematics 
has  a  certain  advantage  over  those  sciences  in  which  apparatus  plays 
such  a  prominent  part  that  instruction  rnay  often  degenerate  into  en- 
tertainment. 

On  the  other  hand  certain  objective  material  has  an  entirely  legiti- 
mate place  in  relieving  that  tedium  of  the  classroom  which  must  be 
felt  sometimes  by  all  active  bodied  boys  and  girls.  Full  of  humor- 
ous suggestion  to  the  young-  teacher  is  the  following  extract  from 
American  history : 

John  Smith,  founder  of  Virginia,  understood  the  nature"  of  the 
red  men,  and  was  shrewd  enough  to  appeal  to  it.  Once  when  cap- 
tured by  a  small  band  of  Indians,  he  made  the  most  of  his  little 
pocket  compass,  with  its  tiny  darting  needle  .  .  .  which  so  im- 
pressed the  simple  minded  folk  that,  instead  of  putting  him  to  death 
on  the  spot,  they  exhibited  him  in  several  villages  and  finally  took 
him  before  the  great  war  chief,  Powhatan,  for  his  disposal. 

As  a  corollary  one  might  add,  '*  Don't  bring  your  compass  to  class 
unless  you  arc  willing  to  have  it  handled." 

It  occurs  to  me  that  some  of  us  could  get  the  proper  attitude 
toward  the  (|uestion  of  helps  by  recalling  our  experience  as  pupils. 
I  hope  that  I  speak  for  many  of  us  when  I  say  that  counting  came 
quite  naturally  to  me  through  the  illustrative  material  in  my  pocket. 
Did  we  ever  have  any  trouble  in  counting  the  hundreds  of  marbles 
that  came  (by  more  or  less  questionable  ethics)  into  our  possession? 
On  the  other  hand  I  sang  with  pleasure  the  multiplication  table 
whenever  the  class  was  given  the  opportunity. 

Fractions,  thougli  ])nnte(l  in  small  type,  filled  me  with  dread. 
There  were  no  objective  illustrations  —  simply  rules  in  italics  as  to 
what  you  could  do  to  and  with  them,     I  believe  that  my  mental 
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attitude  toward  fractions  was  much  like  that  of  the  small  boy,  who, 
on  being  asked,  after  careful  explanation  and  drill,  what  one  could 
do  to  a  fraction  without  changing  its  value,  hesitated,  and  then 
ventured  that  one  could  let  it  alone.  Abstract  arithmetic  gave  me 
the  pleasure  derived  from  getting  the  answers  in  the  book,  but 
applications,  such  as  mensuration  furnished,  were  much  more  inter- 
esting. 

Algebra  was  at  first  meaningless  to  me.  The  geometric  represen- 
tation of  (a+b)^^=a^+2ab+b^,  (a—by  =a^^2ab-\-b^,  (o+fr) 
(a — b)=a^ — b^,  and  their  application  to  numerical  problems  would 
have  helped  me  greatly. 

It  is  with  geometry  that  the  concrete  object  becomes  indispensable. 
The  fear  entertained  by  some  teachers  that  a  figure  made  of  sticks 
will  prevent  the  pupil  from  appreciating  the  geometric  figure  seems 
to  me  groundless.  Beginners  in  geometry  can  best  get  the  mean- 
ings of  definitions  from  figures  that  they  themselves  have  con- 
structed. Demonstrative  geometry  should  be  introduced  by  a  course 
in  geometric  drawing,  and  the  constant  use  of  rule  and  compasses 
should  be  insisted  upon.  Very  helpful  at  this  stage  are  protractors 
of  different  sizes  and  the  transit.  By  measuring  an  angle  with  pro- 
tractors of  different  ^izes  pupils  get  a  clear  understanding  of  the 
meaning  of  "  angle."  By  using  the  transit  they  are  helped  to  appre- 
ciate a  **  geometric  point  '*  and  to  understand  the  statement  "  two 
points  determine  a  straight  line."  With  a  start  of  this  kind,  pupils 
are  soon  able  to  dispense  with  illustrative  material,  and  to  proceed 
with  pure  demonstration. 

When  we  come  to  solid  geometry  illustrative  material  is  even 
more  necessary.  Yet  here  the  **  tendency  to  overdo  "  is  apparent. 
I  do  not  believe  that  the  photograph  of  a  set  of  bookshelves,  or  the 
shelves  themselves,  must  be  shown  to  a  pupil  in  order  that  he  may 
underst^d  what  is  meant  by  a  system  of  parallel  planes.  Excellent 
collections  of  models  may  be  obtained  from  such  German  firms  as 
H.  G.  Teubner  in  Leipzig  and  Dr  Oskar  Schneider  (Leipziger  Lehr- 
mittel-Austaht),  but  comparatively  few  models  of  this  sort  are 
absolutely  needed.  Much  simpler  and  more  effective  are  models, 
constructed  by  pupils  themselves,  of  knitting  needles  held  together 
by  modeling  wax.  Embroidery  hoops  may  be  so  arranged  as  to 
give  a  good  outline  of  a  sphere.  A  fair  sized  slated  sphere,  caliper 
compasses,  and  a  steel  millimeter  tape  are  excellent  illustrative 
material  for  the  teacher's  table.  (A  cloth  millimeter  tape  sewn  upon 
a  strip  of  whalebone  or  a  section  of  clock  spring  is  as  useful,  and 
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much  less  expensive  than  the  steel  tape.)  A  good  stereoscope  and 
the  views  of  soHd  geometry  figures  pubUshed  by  D.  C.  Heath  and 
Company  are  interesting  and  of  real  assistance. 

The  equipment  for  trigonometry  should,  of  course,  include  the 
transit,  maps,  and  architects*  plans  of  buildings.  In  the  graphical 
study  of  spherical  triangles  good  results  are  obtained  by  using  the 
large  sphere  and  the  millimeter  tape. 

Since  no  high  school  course  in  mathematics  is  complete  unless  it 
touches,  at  least,  upon  the  historical  development  of  the  science,  and 
since  the  time  that  we  may  devote  to  this  phase  of  the  subject  is  so 
short,  one  of  the  most  valuable  aids  a  school  can  possess  is  a  magic 
lantern.  By  judiciously  chosen  slides  the  pupil  may  see  the  develop- 
ment of  (let  us  say)  calculation.  Pictures  may  be  obtained  ranging 
from  that  of  the  Chinaman  with  his  shwanpan  to  a  view  of  the 
actuarial  department  of  one  of  our  great  life  insurance  companies, 
showing  the  extent  to  which  computing  machines  are  used  in  modern 
business.  Portraits  of  famous  mathematicians  may  be  shown,  and 
with  the  pupil's  attention  thus  called  to  them  may  have  more  in- 
fluence than  when  hung  upon  the  walls  of  a  classroom.  The  changes 
that  have  occurred  in  symbolism  would  furnish  material  for  an  inter- 
esting series  of  slides. 

In  brief,  then,  a  school's  equipment  for  the  effective  teaching  of 
mathematics  should  be  —  a  good  supply  of  illustrative  material,  a 
good  library  and  efficient  teachers. 


THE  RELATION  BETWEEN  HIGH  SCHOOL  AND  COLLEGE  MATHEMATICS 
BY  H.   E.  WEBB,  STEVENS  INSTITUTE,  IIOBOKEN,   N.  J. 

In  true  mathematical  fashion,  let  us  at  the  outset  of  the  discussion 
define  the  terms  involved.  As  is  often  the  case  in  mathematics,  our 
definitions  will  not  afford  any  very  clear  concepts  at  once,  but  they 
will  allow  of  some  distinctions  to  be  drawn  later.  By  high  school 
mathematics  we  mean  mathematics  as  taught  in  high  schools,  and 
by  college  mathematics  we  mean  mathematics  as  taught  in  colleges, 
the  upper  limit  of  the  latter  being  rather  indefinite.  And  it  is  safe 
to  say  that  until  a  few  years  ago,  there  was  little,  if  any,  relation 
existing  between  the  two,  beyond  the  assumption  on  the  part  of  the 
entrance  committees  of  the  college  faculties  that  the  candidates  for 
admission  had  spent  a  little  time  in  practice  with  simple  algebraical 
expressions,  and  in  memorizing  some  geometrical  statements  known 
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as  propositions,  with  stated  proofs  of  the  same.  In  fact  it  was 
considered  more  or  less  in  the  nature  of  flattery  to  dignify  this 
preparatory  work  with  the  title  of  "  mathematics."  A  secondary 
education  was  by  no  means  prerequisite  for  college  entrance,  and 
indeed  was  regarded  as  of  so  little  moment  that  colleges,  particu- 
larly the  larger  institutions,  came  to  disregard  entirely  the  purpose 
and  function  of  the  secoiKlary  school,  and  to  require  of  all  candi- 
dates for  acfmission,  indiscriminately,  the  passing  of  an  entrance 
examination.  This  state  of  affairs  still  persists  in  some  quarters, 
and  not  long  ago  the  president  of  a  great  university  boasted  that 
his  institution  was  one  of  three  in  New  England  to  adhere  to  it,  the 
three  constituting  in  his  opinion,  a  legion  of  honor,  for  this  reason. 
A  very  remarkable  position  this,  in  view  of  the  host  of  teachers  his 
institution  has  sent  forth  to  secondary  schools  all  over  the  country. 

One  result  of  this  ancient  system  was  and  still  is  the  necessity 
entailed  upon  the  secondary  teacher  of  spending  considerable  time, 
not  in  teaching  mathematics,  but  in  preparing  classes  for  examina- 
tions, which  may  be  wholly  alien  to  the  teacher's  mode  of  thought 
and  method  of  presentation,  as  well  as  to  the  pupil's  mathematical 
experience.  In  many  schools  indeed,  a  goodly  proportion  of  the 
time  of  the  last  or  **  senior  "  year  is  spent  in  analyzing,  classifying 
and  experimenting  upon  entrance  papers  of  bygone  days,  in  book 
form  or  otherwise.  Note  that  the  time  thus  spent  is  credited  to 
mathematics,  and  not  to  experimental  psychology !  Apart  from 
this  line  of  study,  carried  on  openly  and  above  board,  how  much 
time  is  wasted  by  the  teacher  in  a  complete  upset  of  his  pedagogical 
principles,  necessary  in  order  to  lay  before  the  student  certain  types 
which  statistical  investigation  has  convincetl  him  are  likely  to  be 
called  for? 

The  college  entrance  examination  board  has  been  an  aid,  and,  as 
well,  a  source  of  confusion,  in  this  unhappy  situation.  It  has  light- 
ened the  burden  on  the  teacher  of  having  not  one,  l)ut  six  or  eight 
college  examinations  to  prepare  members  of  one  class  for.  But 
with  its  frequent  changes  in  the  personnel  of  the  board  of  examiners, 
it  has  left  the  examination-mongers,  includin<x,  perforce,  most  of  us, 
in  a  high  state  of  perplexity  as  to  which  way  the  kitten  is  going  to 
jump  next. 

This  may  be  desirable  from  some  points  of  view,  but  it  should 
be  borne  in  mind  that  the  high  school  mathematics  of  today  contains 
at  least  twice  the  material  which  a  teacher  of  siii)erior  abilities 
could  present  to  a  very  receptive  class  in  the  time  usually  allotted 
to  him ;  so  the  great  problem  before  the  teacher  is  one  of  selection, 
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and  here  is  the  greatest  difficulty.  It  is  a  matter  not  of  topics  or 
subtopics,  but  rather  of  the  relative  importance  of  this  or  that 
process,  as  viewed  by  the  prospective  examiner;  or  of  the  degree 
of  complexity  with  which  a  few  or  many  of  these  processes  are  inter- 
woven in  a  particular  case.  The  teacher  must  ignore  entirely  his 
own  preferences  and  even  his  own  pedagogical  principles,  no  matter 
how  well  founded  he  may  think  them ;  and  he  may  well  be  thankful 
if  he  is  afforded  a  syllabus  of  topics,  instead  of  the  famihar  state- 
ment: "  Such  as  is  generally  covered  by  any  standard  textbook."  As 
a  matter  of  fact,  the  teacher  is  often  guided  largely  by  the  textbook 
from  which  he  thinks  the  examiner  is  likely  to  choose  his  questions. 

Among  the  colleges,  comparative  standing  in  scholarship  is  often 
judged  by  the  relative  difficulty  of  the  entrance  examinations,  and, 
presumably,  by  the  relative  difficulty  of  getting  into  the  freshman 
class  at  all.  A  university,  being  a  teaching  body,  might  well  boast 
of  its  ability  to  admit  to  its  classes  very  poorly  trained  students,  and 
to  send  out  into  the  world  very  well  educated  men.  Instead  there 
has  been  for  many  years  a  notable  rivalry  among  higher  institutions 
as  to  which  could  unload  upon  the  secondary  school  the  most  of  its 
elementary,  and  consequently  most  difficult  teaching,  at  the  same 
time  accepting  the  occasional  clergyman,  impecunious  professional 
man,  or  self-supporting  undergraduate  as  a  satisfactory  substitute. 
The  College  Entrance  Examination  Board  has  done  much  to  better 
this  state  of  things.     But  much  more  remains  to  be  accomplished. 

In  the  matter  of  grading  the  answer  papers,  what  teacher  in  a 
secondary  school  has  not  anxiously  awaited  the  annual  store  of  sur- 
prises which  comes  in  the  return  from  the  various  colleges  of  the 
results  of  the  examinations?  The  College  Entrance  Board  has  in- 
troduced a  uniform  and  impersonal  system  of  marking  papers  which 
has  gone  far  t9  check  that  spirit  of  gambling  with  the  chance  of 
admission  once  common  among  prospective  college  students. 

This  much,  merely  because  the  examinations  aforesaid  have  for 
years  constituted  almost  the  sole  bond  between  higli  school  and  col- 
lege mathematics,  as  we  defined  them. 

As  to  the  actual  knowledge  of  elementary  algebra  and  geometry 
requisite  for  progress  in  college  mathematics,  it  is  well  known  that 
very  little  of  the  information  acquired  by  the  student  in  his  high 
school  courses  in  those  studies  is  ever  in  demand  in  later  work.  It 
is  for  the  purpose  of  insuring  preliminary  discipline  that  college 
entrance  requirements  are  laid  down,  and  it  remains  yet  to  be  eluci- 
dated in  what  sense  examinations  of  the  traditional  sort  can  pos- 
sibly serve  as  a  test  of  mental  discipline! 
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But  there  are  assurances  that  a  new  era  is  dawning.  College 
graduates  and  recipients  of  advanced  degrees  are  continually  in- 
vading the  field  of  secondary  work,  while  universities,  in  their 
summer  schools  and  evening  courses,  are  offering  the  best  facilities 
for  further  study  to  those  who  were  not  so  fortunate  in  their  early 
training.  The  time  seems  to  be  near  at  hand  when  examination 
worship  shall  give  place  to  a  genuine  recognition  of  the  worth  of 
the  secondary  school,  and  a  willingness  on  the  part  of  the  college 
to  accord  to  the  secondary  school  its  true  place  in  the  educational 
system  of  the  country ;  the  time  when  the  high  school  diploma  shall 
carry  with  it  a  full  assurance  that  the  courses  outlined  in  the  cur- 
riculum of  the  school  have  been  satisfactorily  covered  by  the  holder, 
and  that  graduation  from  the  school  admits  the  graduate  to  all  the 
rights  and  privileges  appertaining  to  such  standing,  including  ad- 
mission to  college. 

Looking  toward  a  closer  and  more  rational  relation  between  high 
school  and  college  mathematics,  as  we  have  defined  them,  is  the 
recent  revival  of  interest  in  two  lines  of  mathematical  investiga- 
tion: (i)  The  nature  and  principles  of  number  and  the  nature  of 
the  four  fundamental  operations,  and  the  character  of  algebraic 
forms,  and  (2)  the  foundations  of  geometry.  These  investigations 
are  sure  to  have  a  direct  influence  on  the  teaching  of  secondary 
mathematics. 

First  of  all,  they  have  shown  that  the  underlying  principles  of 
algebra  and  geometry  offer  a  field  for  profound  study,  and  are  not 
to  be  taken  for  granted,  as  has  often  been  done  in  the  past,  if  mathe- 
matics is  to  secure  its  claim  to  be  an  exact  science.  Mechanical 
facility  in  the  manipulation  of  algebraic  and  geometric  forms  is 
seen  to  constitute  but  a  small  part  of  the  science  and  art  of  algebra 
and  geometry.  The  capable  teacher  of  secondary  mathematics,  then, 
is  one  who  is  well  schooled  in  these  underlying  principles,  and  who 
is  able  to  direct  toward  his  subjects  all  the  light  of  the  most  recent 
and  scholarly  mathematical  thought.  But  obviously  these  funda- 
mental doctrines  are  far  beyond  the  comprehension  of  the  high 
school  student.  And  the  great  contribution  which  these  lines  of 
scholarly  criticism  have  to  offer  is  the  clear  demonstration  that  not 
a  little  of  the  much  vaunted  accuracy  of  the  traditional  high  school 
mathematics,  particularly  in  Euclid,  or  in  American  substitutes  for 
Euclid,  is  rather  nonsensical,  and  that  the  apparent  stupidity  of  our 
"  every  schoolboy  "  has  had  a  foundation  in  profound  philosophic 
truth.     How  completely  such  truth  may  permeate  his  subconscious 
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being  it  is  difficult  to  say ;  this  might  bear  investigating.  Certainly 
many  teachers  have  noticed  that  recent  criticisms  of  ancient  and 
accepted  dicta  in  algebra  and  geometry  have  had  their  counterpart, 
in  the  questions  of  boys  and  girls  at  school. 

The  writer  begs  leave  to  offer  a  few  such  from  his  own  per- 
sonal experience: 

a  Consider  the  attitude  of  Russell,  as  well  as  that  of  Hilbert, 
toward  superposition.  Schoolboys  fail  to  grasp  the  meaning  of  tlys 
process,  and  now  they  are  not  to  be  blamed  for  it.  Occasionally  a 
student  does  seem  fully  to  comprehend  it;  but  curiously  enough 
such  a  student  will  generally  find  his  further  progress  impeded  by 
his  persistent  efforts  to  ai)ply  the  method  of  superposition  to  all 
cases  which  involve  congruences.  This  he  may  be  permitted  to  do 
for  a  while,  even  at  the  waste  of  time  and  energy.  But  presently 
serious" obstacles  arise,  and  it  appears  that  geometrical  comparison 
and  geometrical  reasoning  from  the  known  to  the  (previously)  un- 
known are  utterly  foreign  to  his  mind.  For  this  reason,  considered 
practically,  teachers  have  avoided  the  i)rocess  of  ^u])erposition 
wherever  possible.  The  philosophical  objections  to  the  doctrine  are 
closely  analogous. 

b  The  careless  statement  of  the  axioms  is  a  fruitful  source  of 
difficulties  to  high  school  students.  For  example,  they  often  under- 
take to  add  congruent  figures  to  congruent  figures  (by  annexation) 
and  thereby  show  the  results  to  be  congruent.  And  it  will  be  seen 
that  this  difficulty  does  not  lie  wholly  in  the  misuse  of  the  word 
"  equal." 

c  The  usual  treatment  of  limits  as  given  in  modern  textbooks  on 
geometry  is  a  gloomy  fog  to  the  teacher.  To  the  student  it  is  an 
impenetrable  jungle,  and  his  chief  purpose  at  that  stage  of  his 
work  is  to  get  around  it  gracefully.  \'erbal  memory  usually  comes 
to  his  rescue, 

d  Teachers  of  physics  and  chemistry  complain  that  students  who 
come  to  them  from  the  mathematical  work  in  high  schools  are  quite 
unfamiliar  with  variation  and  ratio  and  proportion.  It  is  well 
known  that  the  definitions  of  ratio  and  proportion,  as  set  forth  by 
most  teachers  and  in  most  textbooks,  beg  the  question  completely. 

e  The  attempt  on  the  part  of  the  teacher  to  gloss  over  the  serious 
logical  error  of  the  hypothetical  construction  often  costs  the  student 
his  confidence  in  the  logic  of  geometry. 

f  The  difficulty  which  the  beginner  experiences  with  negative, 
fractional  and  zero  exponents  in  algebra  is  oftener  than  not  due  to 
the  failure  on  the  part  of  the  teacher  (or  his  book)  to  imi)ress  on 
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the  pupil's  mind  the  fact  that  the  so  called  proofs  really  constitute 
extensions  of  the  term  '*  exponent."  Otherwise  these  demonstra- 
tions seem  to  him  of  a  piece  with  proofs  that  1=2,  and  that  all 
triangles  are  isosceles. 

And  so  on  ad  libitum.  In  all  these  cases  we  are  touching  on  mat- 
ters, the  exact  and  lietailed  statement  of  which  are  beyond  the  high 
school  pupil's  powers  of  comprehension,  while  the  errors  are  clearly, 
or  at  least  dimly,  within  his  powers  of  discernment.  From  this  con- 
sideration it  must  appear  that  a  knowledge  of  mathematics,  as  is 
true  of  other  sciences,  must  begin  in  the  middle  and  proceed  both 
ways;  that  many  of  the  so  called  fundamental  principles,  as  set 
forth  to  the  students  in  secondary  schools,  arc  really  not  funda- 
mental at  all,  but  arise  from  notions  far  more  general  or  abstract, 
and  altogether  too  abstract  to  be  taught  to  the  beginner.  Whence 
it  follows  that  it  is  the  work  of  the  college  to  teach  doctrines  which 
are  truly  fundamental,  leaving  it  to  the  secondary  school  to  familiar- 
ize the  student  with  methods  of  procedure,  analytic  and  synthetic, 
with  the  terminology  of  the  subjects,  and  with  simple  practical  ap- 
plications. This  has  more  especial  reference  to  beginning  algebra 
and  geometry.  It  would  appear  also  that  the  secondary  school 
might  make  incursions  into  the  domain  hitherto  reserved  for  the 
colleges  —  analytical  geometry,  and  higher  algebraical  equations,  as 
well  as  trigonometry!  (We  might  even  add,  some  work  in  sub- 
stitution groups!)  In  any  case,  the  border  line  should  be  indicated 
not  by  the  character  of  the  subject-matter,  but  by  the  relative  diffi- 
culty of  the  problem,  or  the  abstruseness  of  the  underlying  prin- 
ciple, or  the  complexity  of  the  processes  involved.  The  calculus, 
for  example,  would  then  belong  to  the  college,  not  because  it  is 
calculus,  but  because  it  is  difficult. 

PIfForts  have  already  been  made  to  bring  about  earlier  a  familiarity 
with  coordinates  and  the  relation  of  curve  and  equation.  This  is 
usually  done  under  the  title  of  graphs  or  graphics,  as  if  analytical 
geometry'  were  something  else  and  sacred.  The  syllabus  of  the 
College  Entrance  Board  has  included  under  higher  algebra  the 
theory  of  equations,  and  simple  operations  with  determinants, 
and  comi)lex  quantities,  while  at  the  same  time  it  leaves  almost  the 
whole  matter  of  series  to  the  college,  where  it  belongs.  This  step,  a 
long  one  in  the  right  direction,  has  been  generally  indorsed  by 
schools  and  colleges. 

Xow  let  the  board  take  a  further  step  in  advance,  and  set  limits 
to  the  com])lexity  of  fractional  expressions,  of  expressions  with  lit- 
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eral  indexes,  of  quadratic  equations,  of  fractional  equations,  and  of 
symbolical  expressions  in  general,  as  algebra  is  to  be  taught  in 
secondary  schools.  Let  it  set  the  seal  of  its  everlasting  disapproval 
on  the  dog  and  fox  business,  on  the  question  of  the  age  of  Ann  and 
John  under  very  trying  conditions,  on  marvelous  purchases  of  lead 
pencils  or  chestnuts,  and  on  the  utter  moral  depravity  of  A  and  B, 
who  gamble  desperately.  Let  teachers  unite  in  a  sincere  effort  to 
convince  the  rising  generation  that  it  is  possible  to  solve  an  equation 
for  some  other  letter  df  the  alphabet  besides  x,  v,  or  rr.  Let  there 
be  many  other  reforms  too  numerous  to  mention,  but  all  in  the 
direction  of  common  sense.  And  let  us  not  expect  from  the  high 
school  student  any  very  profound  knowledge  of  the  nature  and 
character  of  number,  or  of  the  demonstration  of  the  validity  of 
processes  with  fractional  and  negative  exponents,  or  of  the  meaning 
of  infinity,  or  of  mathematical  induction,  or  of  the  character  of  a 
series.  Why  should  not  the  College  Entrance  Board,  or  some  other 
board  whose  opinion  is  as  highly  valued  among  colleges  and  schools, 
lay  down  a  series  of  geometrical  postulates  upon  which  to  build  up 
the  high  school  geometry?  Let  the  board  look  only  to  their  con- 
sistency, and  leave  to  the  college  investigators  the  question  of  their 
ultimate  character  as  axioms.  Let  it  go  further,  and  distinguish 
between  two  classes  of  propositions,  those  deduced  from  the  postu- 
lates by  so  simple  a  process  that  formal  proof  is  unnecessary  for 
high  school  students,  and  others  requiring  formal  demonstration. 
Let  it  be  understood  that  the  high  school  student  is  to  be  held 
responsible  for  the  demonstration  of  this  last  named  class  of  propo- 
sitions only,  except  for  sim])le  exercises  limited  strictly  to  the  prin- 
ciples laid  down  in  this  syllabus,  and  for  numerical  problems  having 
a  like  dependence.  And  let  the  high  school  student  consider  him- 
self excused  from  the  customary  abstractions  concerning  superpo- 
sition, incommensurables,  limits,  and  Hues  intersecting  at  infinity; 
and  also  from  such  proofs  as  those  that  right  angles  are  equal,  that 
two  circumferences  internally  tangent  are  nonconcentric,  etc.  Few 
would  mourn  the  elimination  of  that  highly  cumbersome  method  of 
computing    ~    which  usually  adorns  Book  5. 

We  have  seen  that  many  of  the  most  elaborate  demonstrations 
'With  which  we  are  familiar  contain  tacit  assumptions  which,  when 
once  stated,  are  positively  offensive  to  the  spirit  of  geometric  re- 
search ;  that  textbooks  are  crammed  with  hypothetical  constructions, 
and  even  with  hy]X)thetical  definitions;  and  that  the  students  are 
given  regular  courses  in  straining  at  logical  gnats  and  swallow-ing 
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camels  of  inconsistency.  And  yet  high  school  teachers  are  met 
constantly  with  the  statement  that  many  of  the  students  sent  by  them 
to  college  fail  to  grasp  the  "  underlying  principles  "  of  geometric 
science.  To  which  the  students  may  well  reply  with  the  respectable 
maxim  about  doctors  disagreeing. 

If  they  please,  let  colleges  require  for  enlrance  the  simple  pro- 
cesses not  only  of  trigonometry,  but  of  analytical  geometry.  Yet 
it  would  obviously 'be  absurd  to  demand  a  very  pn)found  knowledge 
of  either  of  these  sciences.  Above  all,  let  both  examiners  and 
teachers  remember  that  nearly  every  l>eginner  develops  his  mathe- 
matical system  by  a  series  of  types  of  process,  rather  than  by  the 
direct  application  to  particidar  cases,  of  general  principles,  as  that 
tenn  is  now  understood.  The  criterion  of  excellence  should  be  the 
ability  to  reason  logically  in  the  terms  of  mathematics,  and  the  pos- 
session of  sufficient  mathematical  imagination  to  lead  the  student 
into  paths  to  him  new  and  untried.  Let  the  examinations,  since 
there  must  be  such,  be  thorough  and  searching,  but  let  the  questions 
be  strictly  limited  to  the  ap])lications  of  principles  laid  down  in  the 
sydlabus,  in  a  manner  not  too  complex.  In  other  words,  let  it  be 
easy,  if  a  knowledge  of  principle  and  method  is  presupposed.  But 
by  "  principle  "  is  meant  here  a  well  defined  logical  mode  of  pro- 
cedure, rather  than  an  abstract  fundamental  truth. 

"Algebra  through  quadratics  "  and  **  plane  and  solid  geometry  " 
are  excellent  titles  for  college  courses  wherein  the  student  may 
learn  to  state  and  to  develop  in  abstract  terniint^logy  th.'  principles 
in  accordance  with  which  he  has  been  working  during  his  prepara- 
tory course.  Something  similar  to  this  exists  in  various  depart- 
ments of  ancient  languages  in  colleges,  where  students  of  Latin  or 
Greek  are  administered  thorough  courses  in  grammar  and  compo- 
sition, usually  accompanied  by  vitriolic  remarks  on  the  ])art  of  the 
head  of  the  department  concerning  the  inca])acity  of  the  average 
high  scho(^l  teacher.  The  plan  is  as  excellent  as  the  remarks  are 
unjust.  The  statement  of  a  principle  must  both  precede  and  follow 
its  application:  it  must  precede,  to  give  unity  and  stability  to  the 
work,  and  it  must  follow  to  be  thoroughly  understood. 

If  it  is  objected  that  easy  entrance  examinations  would  flood  the 
freshman  classes  with  incompetents,  there  is  only  one  reply :  that 
graduation  from  a  high  school  or  academy  of  recognized  standing 
should  constitute  an  additional  requirement,  and  that  a  departure 
from  this  rule  in  a  particular  case  should  be  made  only  u]>on  the 
recommendation  of  some  officer  of  instruction  apj)ointe(l  to  examine 
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into  the  matter.  The  general  examinations  should  be  directed 
toward  the  school  rather  than  toward  the  students  as  individuals. 
The  writer  has  often  wondered  whether  better  results  could  not  be 
obtained  if  high  school  teathers,  rather  than  students,  were  sum- 
moned each  year  before  a  college  entrance  examining  board  to  set 
forth  their  mathematical,  classical,  linguistic  or  scientific  attain- 
ments. 

Perhaps,  to  even  matters  up,  the  presidents  of  the  universities 
might  be  called  upon  to  take  their  own  examinations  now  and 
again! 

In  all  seriousness,  few  who  are  not  actually  engaged  in  secondary 
teaching  realize  that  the  teacher  is  burdened  with  a  triple  tyranny  — 
the  college,  the  textbook,  and  the  program  committee.  Much  of  his 
time  must  be  spent  in  bringing  these  ttiree  elements  into  some  sort 
of  harmony.  Of  academic  freedom  he  knows  nothing,  except  by 
hearsay  or  in  dreams.  Examinations  for  entrance  into  his  school 
are  absurd.  He  must  take  his  material  as  he  finds  it.  Parents  ex- 
pect him  to  take  in  hand  children  who  are  often  unwilling,  unused 
to  any  sort  of  mental  self-control,  or  densely  stupid;  and  he  must 
not  merely  afford  them  opportunities  for  study,  but  he  must  "  make 
something  of  them.'*  And  when  in  addition  to  this  he  must  cover 
twice  or  three  times  the  ground  that  was  originally  intended  when 
the  four  year  high  school  course  was  laid  down,  and  must  follow 
closely  the  lines  of  one  textbook,  the  problem  is  well  nigh  insoluble. 
He  may  consider  himself  fortunate  if,  as  is  sometimes  the  case,  his 
textbook  is  one  with  which  he  is  in  hearty  agreement,  and  which 
allows  of  sufficient  latitude  to  permit  such  minor  changes  in  his 
courses  as  his  classes  from  year  to  year  may  demand. 

Many  teachers  in  the  face  of  these  difficulties  have  lost  sight  of 
one  real  value  of  mathematics  to  the  extent  of  declaring  that  only 
such  work  should  be  given  in  high  schools  as  the  student  is  likely 
to  apply  in  his  scientific  work  thereafter.  This  suggestion  may  well 
give  us  pause,  but  not  to  yield  the  point  that  in  mathematics,  as 
nowhere  else,  is  the  student  taught  of  truth  as  a  necessity  of  his 
own  mental  structure,  and  not  as  an  emanation  from  the  authority 
of  his  superiors. 

In  brief,  to  establish  a  relation  between  college  and  secondary 
mathematics  which  is  real  and  not  sui)erficial,  let  there  be  on  the 
part  of  the  college  a  recognition  of  the  worth  of  the  secondary 
school  as  an  institution  of  learning,  and  of  the  secondary  school 
teacher  as  an  instructor  and  as  a  scholar.     I^et  the  teaching  of  sec- 
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Section  D  —  MATHEMATICS 

RECENT   TEKDEHCIE8  AVB   OPEV   QtnSBTIONB   DT   THE   TEAOHZKO   OF   ELE- 
MEVTART  OEOXETRT 

BY  W.  BETZ,  EAST  HIGH  SCHOOL,  ROCHESTER,  N.  Y. 

To  any  but  a  very  indifferent  observer  it  is  evident  that  we  are 
in  th^  ver}"^  midst  of  an  unprecedented  development  in  the  teaching 
of  elementary  mathematics.  The  present  reform  movement  ap- 
peared with  such  suddenness  that  we  are  still  wondering  how  it  all 
happened.  In  a  few  years  numerous  associations  of  teachers  of 
mathematics  have  been  organized  all  over  the  country,  many  papers 
'have  been  written,  and  progress  seems  to  be  the  watchword  on  all 
sides.  And  yet,  many  factors  have  combined  to  bring  this  about. 
In  the  valuable  report  of  the  committee  on  the  correlation  of  mathe- 
matics and  physics  in  secondary  schools  issued  by  the  Central  Asso- 
ciation of  Science  and  Mathematics  Teachers,  these  new  impulses 
are  attributed  to  the  following  sources:  (i)  theoretical  pedagog>% 
(2)  the  natural  sciences  (laboratory  methods),  (3)  modem  indus- 
trialism, (4)  engineering  and  scientific  and  mathematical  research. 

I  can  not  here  undertake  to  review  the  history  of  the  movement. 
I  must  refer  to  the  report  of  the  British  Asscxriation  Committee  con- 
cerning its  meeting  at  Glasgow,  1901,  and  to  the  now  famous  presi- 
dential address  of  Professor  Moore  of  December  1902,  also  to 
numerous  articles  in  School  Science  and  Mathematics,  the  School 
Revieii\  and  other  educational  publications. 

Now,  granting  the  existence  of  a  renewed  interest  in  questions 
of  elementary  pedagog>',  we  may  proceed  to  consider  what  has  been 
.accomplished  so  far. 

The  immediate  important  effect  of  tlie  new  movement  has  been 
a  complete  stiruing  up  of  every  progressive  teacher  of  mathe- 
matics. It  has  become  necessary  for  him  to  examine  more  carefully 
than  ever  the  why,  what  and  how,  of  his  subject. 

Aim.  In  the  first  place,  as  regards  the  aim  of  geometric  teach- 
ing, it  is  quite  apparent  that  the  one-sided  theory  of  mental  discip- 
line is  being  modified.  Some  of  the  Xew  England  teachers  of 
mathematics^,  for  example,  in  their  latest  report  [190^3]  state  with 
the  greatest  emphasis  that  the  utilitarian  point  of  view  must  not 
be  ignored.  Mr  J.  P.  Clark's  paper  contains  this  passage:  **  It  is 
this  practical  value  of  the  subject  around  which  its  supporters  must 
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rally  in  this  industrial  age,  and  it  is  our  business  today  to  discover 
how  real  this  vahie  is,  and  to  how  great  an  extent  it  is  understood 
and  appreciated  by  educators  and  by  the  general  public."  Again 
and  again  we  are  told  that  we  have  simply  been  giving  our  pupils 
a  mass  of  tools,  but  have  not  secured  their  legitimate  use.  We  are 
said  to  have  forced  upon  the  student  mere  mathematical  verbiage, 
but  to  have  studiously  avoided  natural  channels  of  expression.  It 
looks  as  though  this  separation  of  theory  and  practice  were  about 
to  be  abandoned. 

Our  ideas  of  rigor  are  also  undergoing  a  change.  Now,  the 
school  certainly  does  not  wish  to  undermine  the  pro'verbially  rigor- 
ous character  of  mathematics.  We  want  all  the  rigor  of  which  the 
learner  is  capable,  but  nothing  more.  A  proof  that  is  not  appre- 
ciated by  him  as  such  has  no  pedagogic  value.  This  opinion,  long 
held  by  a  few,  is  meeting  with  more  general  recognition.  The  New 
\brk  High  School  Teachers  Association,  for  instance,  though  ap- 
parently adhering  more  firmly  to  the  ideal  of  mental  discipline,  ap- 
pointed a  "  committee  on  limits  "  which  recommended  "  that  the 
proofs  by  the  theorem  of  limits  in  the  incommensurable  cases  arising 
under  (l)  ratio  of  central  angles,  (2)  sides  of  a  triangle  cut  by  a 
line  parallel  to  the  base,  (3)  ratio  of  areas  of  rectangles,  should  be 
presented  by  the  teacher  with  such  completeness  as  he  may  deem 
expedient,  but  the  reproduction  of  such  proofs  in  formal  examina- 
tions for  advanced  standing  should  not  be  required." 

The  school  must  use  a  broader  foundation  than  the  accomplished 
specialist.  Professor  Perry's  extreme  views  on  this*  point  are  too 
well  known  to  require  rehearsal.  The  following  quotation  is  char- 
acteristic :  "  Our  mathematicians  are  spending  their  time  now  in 
proving  all  sorts  of  things  to  be  doable  which  the  plain  man  knows 
to  be  doable,  which  the  plain  man  does  without  getting  preliminary 
permission. —  Things  assumed  as  axiomatic  by  Kelvin  and  Stokes* 
are  now  being  proved.'*  Professor  Moore,  -commenting  on  these 
ideas,  says :  **  Perry  is  quite  right  in  insisting  that  it  is  scientifically 
legitimate  in  the  pedagogy  of  elementary  mathematics  to  take  a 
large  body  of  basal  principles  instead  of  a  small  body,  and  to  build 
the  edifice  upon  the  larger  body  for  the  earlier  years,  reserving  for 
the  later  years  the  philosophic  criticism  of  the  basis  itself  and  the 
reduction  of  the  basal  system."  And  again  he  says :  "  Indeed,  for 
the  purpose  of  elementary  education  our  current  deductive  geometry 
is  of  the  nature  of  a  fetish,  to  be  abandoned  in  favor  of  a  geometry 
built  on  a  richer  system  of  geometric  axioms,  etc." 
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We  may  have  to  revise  our  aim,  then,  to  the  extent  of  ( i )  not 
forcing  upon  the  learner  material  that  is  beyond  his  comprehension, 
(2)  making  the  subject  more  interesting  by  restoring  the  union  of 
theory  and  practice,  (3)  calling  into  play  the  greatest  possible 
amount  of  self-activity  on  the  part  of  the  student. 

Subject-matter.  Without  question  one  of  the  most  note- 
worthy features  of  the  present  reform  movement  is  the  final  dis- 
avowal, even  in  England,  of  grand  old  Euclid  as  an  instructor  of 
the  young.  While  there  is  full  recognition  of  the  g^eat  qualities 
of  the  ancient  master's  work,  some  of  the  foremost  mathematicians 
agree  that  from  the  standpoint  of  the  school  its  defects  exceed  its 
merits.  Their  criticisms  are  directed  against  EucUd's  system  and 
method.  Euclid's  propositions  are  arranged  logically,  but  not  peda- 
gogically.  There  is  no  direct  connection  between  them,  and  the 
learner  must  depend  on  his  verbal  memory  for  their  mastery.  The 
dogmatic  form  of  the  Elements  is  severely  criticized.  A  proposition 
is  stated  as  a  fact  and  is  then  proved  elaborately.  The  pupil  simply 
verifies  what  someone  has  done  for  him.  His  initiative  is  thus 
almost  completely  ignored.  And  these  fundamental  defects  are 
only  palliated  by  the  mass  of  "  riders ''  or  *'  originals  "  usually  ap- 
pended to  the  text. 

For  many  years  more  or  less  successful  attempts  have  been  made 
to  modernize  Euclidean  geometry.  It  must  be  admitted  that  the 
task  is  a  stupendous  one.  Recently,  these  efforts  have  been  com- 
plicated by  the  appearance  of  various  fusion  movements  and  by 
the  tendency  to  introduce  the  notions  of.  modem  geometry. 

Some  decades  ago  the  theor}-  was  seriously  advanced  that  the 
separation  of  plane  and  solid  geometry  was  arbitrary  and  should 
be  abandoned.  This  idea,  which  is  probably  an  outgrowth  of  the 
pedagog}'  of  Pestalozzi  and  Frobel,  and  which  has  much  to  recom- 
mend it,  is  at  present  represented  by  such  men  as  Meray  in  France, 
Ingrami  in  Italy,  Holzmiiller  and  many  Herbartians  in  Germany. 

A  much  more  serious  fusion  is  being  tried  in  our  own  country. 
Some  of  our  western  colleagues  are  advocating  nothing  more  or 
less  than  the  complete  unification  of  pure  and  applied  mathematics. 
Professor  Moore,  in  the  address  referred  to  above,  said :  "  The 
fundamental  problem  is  that  of  the  unification  of  pure  and  applied 
mathematics.  If  we  recognize  the  branching  implied  by  the  very 
terms  *  pure '  and  *  applied,'  we  have  to  do  with  a  special  case 
of  the  correlation  of  different  subjects  of  the  curriculum,  a  central 
I)roblem  in  the  domain  of  pedagog}'  from  the  time  of  Herbart  on. 
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In  this  case,  however,  the  fundamental  sohition  is  to  be  found 
rather  by  way  of  indirection  by  arranging  the  curriculum  so  that 
throughout  the  domain  of  elementary  mathematics  the  branching 
be  not  recognized. —  Would  it  not  be  possible  to  organize  the  alge- 
bra, geometry,  and  physics  of  the  secondary  schools  into  a  thor- 
oughly coherent  four  years  course  comparable  in  strength  and 
closeness  of  structure  with  the  four  years  course  in  Latin?"  He 
is  careful  to  say,  however,  that  all  this  must  come  by  way  of  evo- 
lution from  the  present  system,  not  as  a  revolution  of  that  system. 
For  a  more  complete  discussiqn  of  the  correlation  of  mathematics 
and  physics  I  must  refer  to  Prof.  J.  McMahon*s  detailed  account 
before  this  association  a  year  ago.  It  is  greatly  to 'be  feared  that 
under  existing  conditions  such  a  unified  course,  unless  conducted 
with  the  utmost  care  by  teachers  of  the  broadest  possible  training, 
will  give  the  student  only  fragmentary  and  incoherent  glimpses. 

Nevertheless,  although  we  take  a  more  conservative  stand  in  the 
East,  there  is  even  with  us  a  decided  tendency  away  from  the  rig^d 
compartment  system.  Evidently  our  idea  is  not  to  unify  but  to  cor- 
relate more  intimately  the  various  branches  of  pure  mathematics,  and 
in  'doing  this  to  use  all  convenient  and  readily  understood  illustra- 
tions from  the  realm  of  applied  mathematics.  And  it  is  the  graphic 
method  in  algebra  that  is  furnishing  the  most  natural  connecting  link 
between  algebra  and  geometry.  As  Prof.  F.  E.  Nipher  puts  it. 
"  the  study  of  algebra  and  geometry  as  wholly  distinct  subjects 
having  no  relation  to  each  other,  gives  to  the  pupil  a  false  idea  of 
the  intellectual  situation  of  today.'*  The  continuity  of  algebra  in 
the  curriculum  is  beginning  to  concern  us  more  seriously.  This 
is  indicated  by  Prof.  A.  L.  Baker  s. paper  in  the  report  of  the  New 
York  teachers.  Correlation  in  such  form  should  find  our  support. 
Also,  that  we  need  to  vitalize  algebra  and  geometry  along  the  line 
of  more  attractive  applications  not  necessarily  all  of  a  utilitarian 
form,  there  can  be  no  doubt.  This  conception,  rather  than  that  of 
the  Chicago  platfonn,  seems  to  be  in  the  mind  of  Prof.  F.  Klein 
and  his  followers. 

An  equally  difficult  question  is  that  of  introducing  modern  geo- 
metric notions  into  the  school.  Few  of  us  have  gone  beyond  the 
giving  of  a  few  isolated  propositions  in  the  form  of  an  appendix. 
Here,  again,  we  do  not  wish  a  revolution,  but  a  gradual  transition. 

Foundations.  It  is  easy  to  understand  why  at  this  period  of 
unrest  there  should  be^uch  a  remarkable  interest  in  the  foundations 
and  in  the  history  of  mathematics.     Indirectly  this  field  of  investi- 
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gation  is  an  outgrowth  of  the  doctrine  of  evolution  in  the  biological 
sciences.  It  is  extremely  fascinating  to  trace  a  theor}^  to  its  origin 
and  to  examine  its  validity.  And  so  we  have  the  critical  writings 
of  Peano,  Veronese,  Enriques,  Pasch,  Hilbert,  Killing,  Poincare 
and  many  others.  Each  year,  too.  adds  to  our  fund  of  historical 
information.  This  historical  critical  spirit  has  extended  our  horizon 
enormously.  It  has  given  us  non-Euclidean  geometries  and  hyper- 
geometry.  We  realize,  as  we  never  did  before,  that  in  a  certain 
sense  we  can  get  out  of  a  system  only  what  we  put  into  it. 

Probably  another  generation  will  elapse  before  all  these  ideas 
shall  have  been  absorbed  and  utilized.  Years  ago  Prof.  Simon  New- 
comb  said:  **  The  mathematics  of  the  21st  century  may  be  very 
different  from  our  own;  perhaps  the  schoolboy  will  begin  algebra 
with  the  theory  of  substitution  groups,  as  he  might  now  but  for 
inherited  habits.*'  In  geometry'  we  shall  probably  not  see  again 
a  system  at  all  comparable  with  Euclid's.  Prof.  G.  A.  Miller  says: 
**  Whether  our  critical  age  will  produce  a  work  which,  like  Euclid, 
will  serve  as  a  model  for  millenniums  can  not  be  foretold,  but  it 
seems  certain  that  works  which  can  stand  the  critical  tests  of  this 
age  will  stand  the  tests  of  all  ages."  We  shall  continue  to  welcome 
good  textbooks,  but  shall  use  these  rather  as  suggestive  outlines. 
The  teacher  will  be  given  greater  latitude  as  to  subject-matter  and 
he  will  develop  not  somebody's  particular  geometry,  but  simply 
geometry. 

Method.  American  teachers  have  been  justly  criticized  for 
their  lack  of  interest  in  questions  of  method.  We  seem  to  depend 
on  a  kind  providence  for  the  correction  and  undoing  of  our 
pedagogical  errors.  Such  a  condition  is  very  de])lorable.  It  is  very 
gratifying,  therefore,  to  notice  an  improvement  in  that  direction. 
This  is  proved  by  the  very  existence  of  the  numerous  mathematical 
associations  recently  organized  in  our  country. 

( )ne  thing  is  becoming  quite  clear.  The  learner  must  take  a 
creative,  not  a  reproductive  attitude  toward  his  subject.  Tie  must 
feel  for  himself  the  delight  that  comes  from  independent  discovery. 
That  much  the  laboratory  method  has  taught  us  very  forcii)ly.  The 
instructor  is  to  be.  not  the  self-appointed  dictator  or  lesson-hearing 
automaton,  hut  the  intelligent  guide  in  the  jnipil's  mental  laboratory. 
I'ndcr  this  guidance  the  geometric  edifice  is  to  be  gradually  con- 
structed, every  element  in  it  being  furnished  by  the  self-active  co- 
operation and  even  initiative  of  the  class. 
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We  are  also  beginning  to  believe  in  the  necessity  of  a  preliminary 
course  in  geometry,  variously  called  observational,  experimental, 
introductory,  practical,  constructional.  One  reason  for  the  many 
failures  we  have  is  the  crowding  of  too  many  new  ideas  into  a  short 
period  of  time.  The  beginner  should  become  gradually  familiar 
through  individual  experience  with  the  most  important  geometric 
forms  before  demonstrative  geometry  sets  in.  In  accordance  with 
this  view  some  of  the  best  schools  are  giving  a  preparatory  course 
requiring  a  good  deal  of  observing,  drawing  and  measuring.  Mere, 
too,  squared  paper  furnishes  an  invaluable  aid.  In  the  language  of 
Professor  Moore,  graph  paper  is  about  to  bo  ca!ionized. 

Finally.  1  have  noticed  with  very  great  interest  the  increasing 
amount  of  attention  that  is  being  given  to  the  genetic  method.  Pro- 
fessor Young  c^f  Chicago  has  done  much  to  intro.luce  it  into  Ameri- 
can schools.  It  seems  to  be  saturated  with  the  true  laboratory  idea. 
From  personal  observation  of  it  in  German  schools  and  from  years 
of  experience  with  it  in  my  own  classroom,  I  can  recommend  it 
most  heartily. 

Conclusion.  In  conclusion  it  may  be  said  that  the  new  situa- 
tion, while  it  will  affect  our  textbooks  somewhat,  concerns  first  and 
last  the  teacher.  It  will  force  the  teacher  to  become  a  true  artist. 
No  one  ])erson,  however,  can  expect  to  cope  effectively  with  all 
these  difficulties.  What  we  need  above  all  is  active  cooperation.  If 
all  the  mathematical  societies,  now  isolated,  could  be  filled  with  the 
common  aim  of  joint  investigation  and  interchange  of  results,  the 
outlook  for  the  mathematics  of  the  20t'i  c^^Uury  would  h:  indeed 
glorious. 


AMERICAN   FEDEBATION   OF  TEACHEB8   OF   THE   MATHEMATICAL   AND   THE 

NATURAL  SCIENCES 

IIV    C.    R.    MANN.   I'NIVKRSITV   OF    CHICAGO 

In  accordance  with  the  call,  issued  by  joint  action  of  a  committee 
of  the  American  Society  of  Teachers  of  Mathematics  and  the  Natu- 
ral Sciences  and  one  of  the  Central  Association  of  Scienc?  and 
'Mathematics  Teachers,  a  meeting  of  delegates  of  a  number  of  asso- 
ciations was  held  in  Xew  York  on  December  27,  1906,  for  the  pur- 
pose of  discussing  the  formation  of  a  federation  of  associations  of 
teachers  of  science  and  mathematics.  A  roll  of  the  meeting  was 
taken,  and  it  was  found  that  there  were  present  27  delegates,  repre- 
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sentini^  7  a>sociatiofi5  as  follows :  Association  of  Mathematics  Teach- 
ers of  the  Mi'Irile  States  and  Manland.  «>  «!elegates:  New  York 
State  Science  Teachers  Association  i  mathematics  section  ».  6  «lele- 
gates :  Central  Ass<^x::ation  of  Science  and  Mathematics  Teachers, 
5  delegates:  Association  of  the  Teachers  of  Mathematics  of  Xew 
England,  3  delegates:  Ass«x:iation  of  the  Teachers  of  Physics  of 
Washington  city,  2  delegates:  Missouri  S<x:ety  of  Teachers  of 
Mathematics  and  Science,  i  delegate;  Xew  Jersey  State  Science 
Teachers  Association,  i  delegate. 

Prof.  T.  S.  Fiske  of  the  Association  of  Mathematics  Teachers 
of  the  Middle  States  and  Mar}land  was  elected  chairman  of  the 
meeting,  and  Prof.  C.  R.  Mann,  of  the  Central  Association  of 
Science  and  Mathematics  Teachers  was  made  secretar>-. 

After  some  prcliminar\'  discussion,  it  was.  on  motion  duly  sec- 
onded, unanimously 

Voted,  That  it  is  recommended  that  there  be  formed,  by  the 
various  associations  of  teachers  of  science  and  of  mathematics,  an 
American  Fe  ieration  of  Teachers  of  the  Mathematical  and  the 
Natural  .Sciences. 

The  question  of  the  form  of  the  organization  was  then  taken  up. 
Two  rlifferent  forms  were  proposed:  one.  that  of  a  single  society 
of  teach'-Ts  of  mathematics  aid  the  mathematical  sciences,  the  mem- 
fxrr-hip  ia  be  limited  to  associations  that  publish  literature  and 
re|>^>rts ;  the  other,  a  rather  loose  federation  of  all  associations  of 
teachers  of  either  mathematical  or  natural  sciences,  the  membership 
being  limited  to  assrxriations  that  have  more  than  50  members.  The 
first  of  these  forms  was  that  adopted  by  the  .American  Society  of 
'J'eachers  oi  Mathematics  and  the  Natural  Sciences  at  the  conference 
hfld  'aX  Anbury  Park  in  1905.  The  latter  form  was  proposed  by  the 
Central  .Association  of  Science  and  Mathematics  Teachers. 

In  the  discussion  of  this  question,  the  latter  form  of  organization 
wa>  shown  to  be  less  formal  and  more  flexible  and  to  interfere  less 
with  the  individual  activities  of  the  associations.  Because  this  fonii 
()\  federation  ap]>eared  to  furnish  the  necessary  basis  for  a  first  step 
toward  a  more  complete  organization,  and  because  it  was  considered 
advisable  that  associations  not  represented  at  the  meeting  should 
liavc  a  voice  in  the  final  decision,  it  was.  on  motion  duly  seconded, 
unanimously 

I'otcd,  That  the  form  of  organization  propose,!  by  the  Central 
Association  of  Science  and  Mathematics  Teachers  in  the  printed 
ciiTular  i>sned  by  them  be  tentatively  adopted  for  the  coming  year, 
the  final  form  of  organization  to  be  decided  at  the  next  meeting. 
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No  officers  were  elected;  but  an  executive  committee,  which 
should  look  after  the  interests  of  the  federation  for  the  next  year, 
was  elected  as  follows:  T.  S.  Fiske,  Columbia  University,  chair- 
man;  C.  R.  Mann,  University  of  Giicago,  secretary-treasurer ; 
H.  W.  Tyler,  Massachusetts  Institute  of  Technology ;  R.  E.  Dodge, 
Teachers  College,  New  York;  F.  N.  Peters,  Kansas  City -High 
School. 

On  motion  duly  seconded,  it  was 

looted,  That  this  executive  committee  have  power  to  fill  vacancies 
and  to  add  to  its  membership  by  unanimous  vote. 

On  motion,  the  meeting  adjourned,  subject  to  the  call  of  the 
executive  committee. 
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When  the  name  of  an  institution  includes  the  name  of  its  town  or  city 
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r^yrius.  Esther  F.,  Girls  High  School.  Brooklyn 
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Cr.iwfi.rd.  .\.   Myrtella.  Central  High  School,   Buffalo 

Curtiss.   Harriette  A..  Sodus 


MEMBERS    1907  I7y 
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Dcnham,  Henry  II.,    Commercial   High   School,  Syracuse 
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Marcella,  Sister  M.,  Nazareth  Academy,  Rochester 

Martin,  Jennie  T.,  Central  High  School,  Buffalo 

Maury,  Mytton,  Hastings  on  Hudson    , 

Mellin,  Calvert  K.,  Central  High  School,  Buffalo 

Merrell,  William   D.,  University  of  Rochester 

Merritt,  E.  G.,  Lafayette  High  School,  Buffalo 

Metzler,  W.  H.,  Syracuse  University 

Miller,  Gertrude,  Penn  Y''an  Academy 
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Roe,  E.   D.,  Syracuse   University        « 
Rogers,  C.  G.,  Syracuse  University 
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Turner,  George  M.,  Masten  Park  High  School,  Buffalo 
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Woodworth,  Philip   B..  Lewis  Institute,  5808  Ohio  st.  Chicago,  111 
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PROCEEDINGS  OE  THE 

i2th  ANNUAL  MEETING 

OF   THE 

NEW  YORK  STATE  SCIEN'CE  TEACHERS  ASSOCIATION 

' — 

Held    at    Cornell    University,    Ithaca,   K.    Y.,    December  27-28.    1907 

OFFIOIRS   1907 

President,  J.  S.  Siihari^r,  Cornell  University,  Ithaca 
Vice  President,  E.  D.  Rok,  Syracuse  l-niversity 
Secretary-Treasurer,  J.  E.  Stannard,  Adelphi  Academy,  T>rooklyn 

EXEOUTIVE   OOUKOIL 

Terms  expire  1910 
G.  M.  Turner,  Masten  Park  High  School,  lUifFalo 
T.  C.  Hopkins,  Syracuse  University 
Charlks  Nk\vi:ll  C(nin,  State  Education  Dei)artnient,  Alhany 

Terms  expire  1909 
A.  P.  1>ri(;ham,  Colgate  University,  Hamilton 
C.  E.  Harris,  East  High  School,  Rochester 
Howard  Lyon,  Oneonta  Normal  School 

Terms  expire  i(>o8 
L.  V.  Cask.  Washington  Irving  High  School.  Tarrytown 
W.  T.  MoKREV,  Morris  High  School,  New  York  city 
J.  S.  Shearer,  Cornell  University,  Ithaca 

Terms  expire  1007 
A.  W.  Earn  HAM.  Oswego  Normal  School 
V,  L.  IjRVANt.  Erasmus  Hall  High  School,  I'rooklyn 
J.  E.  KiRKWooi),  Syracuse  University 
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OOmaTTBES 

Conunittee  on  federation 

John  F.  Woodhull,  Teachers  College,  New  York  city,  Chairman 
George  M.  Turner,  Hasten  Park  High  School,  Buffalo 
Howard  Lyon,  Oneonta  Normal  School 

Cofmnittee  <hi  new  move  amiong  physics  teachers 

Under  charge  of  section  A 
John  F.  Woodhull,  Teachers  College,  New  York  city.  Chairman 
J.  S.  Shearer,  Cornell  University,  Ithaca 
O.  C.  Kenyon,  Syracuse  High  School 
E.  S.  Wetmore,  State  Normal  College,  Albany 
L.  E.  Jenks,  Ogdensburg  High  School 

Committee  on  biology  in  secondary  schools 

J.  E.  Peabody,  Morris  High  School,  New  York  city.  Chairman 
W.  M.  Smallwood,  Syracuse  University 
George  F.  Atkinson,  Cornell  University 

Committee  to  aid  in  the  biological  survey  project 

Charles  W.  Dodge,  University  of  Rochester,  Chairman 

C.  W.  Hargitt,  Syracuse  University 

C.  W.  Hahn,  High  School  of  Commerce,  New  York  city 

Local  committee  on  arrangements 

J.  S.  Shearer,  Chairman;  R.  S.  Tarr,  L.  M.  Dennis,  H.  Reis, 
E.  Blaker,  B.  F.  Kingsbury,  H.  D.  Reed,  E.  J.  Durand, 
C.  H.  Tuck,  A.  E.  Wells 
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SUMMARY  OF  SESSIONS 

FRIDAY  MORNING,  DECEMBER  87 

Council  meeting.     Room  130,  Rockefeller  Hall 
General  meeting.    Lrecture  room  A,  Rockefeller  Hall 

Address  of  welcome,  President  Schurman 

Introduction    of    Prcsidcnt'clcct    Shearer    by    retiring   President 

WOODIIULL 

Section  meetings 

Section  A  —  Physics  and  chemistry.    Room  B,  Rockefeller  Hall 

1  The  Measurement  of  Very  High  and  of  Very  Low  Temperatures 

J.  S.  Shearer,  Cornell  University 

2  Inspection  of  Laboratories  of  Rockefeller  Hall,  to  see  various 

laboratory  experiments  asked  for  by  teachers 
Under  direction  of  Ernest  Bl^vker,  Cornell  University 

3  Some  Suggestions  Regarding  the  Teaching  of  Elementary  Elec- 

tricity 
R.  C.  GiBKS,  Cornell  University 

4  Some   Experiments  Illustrating  Wave  Motion  and  Methods  of 

Projection 
C.  W.  Waggoner  and  E.  C.  Crittenden,  Cornell  University 

Section  B  —  Biology.  Amphitheater,  Stimson  Hall.  Esther  F. 
Byrnes,  Girls  High  School,  Brooklyn,  Chairman 

1  Factors  that  Make  for  Success  in  the  Teaching  of  Biology  in  our 

High  Schools 
H.  H.  Whetzel,  Cornell  University 

2  Aim  and  Method  in  Secondary  Biology 

Martha  F.  Goddard,  Morris  High  School,  New  York  city 

3  Some  By-Products  of  Biology  Teaching 

Benjamin  C.  Gruenberg,  DeWitt  Clinton  High  School,  New 
York  city 

4  Discussion  of  questions  sent,  for  the  question  box 

5  Communications  read  by  the  secretary 

Section  C  —  Earth  science.  Geological  lecture  room,  McGraw 
HalL  Jennie  T.  Martin,  Business  High  School,  Washington, 
D.  C,  Chairman 
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1  The  Use  of  a  Wet  Laboratory  in  Physiography  Teachings  illus- 

trated by  lantern  slides 
Oscar  D.  von  Engeln,  Cornell  University 

2  Discussion:    Laboratory  Work  in  Physiography,  its  Advantages 

and  Dangers 
Mary  Gertrude  Sullivan,  Masten  Park  High  School,  Buffalo, 
N.  Y. 

FBIDAY   ▲FTERKOOK,   DECEXBEB   87 

Luncheon  in  Sage  College 

Section  A  —  Physics  and  Chemistry.     Chemical  laboratory  lec- 
txire  room,  Morse  Hall 

1  Demonstrations 

Given  by  L.  M.  Dennis 
a  Some  Illustrative  Experiments  in  Elementary  General  Chem- 
istry 
b  The  Electric  Furnace  and  Some  of  its  Products 
c  Preparation  of  Molten  Iron  for  Welding  by  Use  of  Thermite 

2  Inspection  of  the  Chemical  Laboratories 

Lender  direction  of  L.  M.  Dennis,  Cornell  University 

Section   B  —  Biology.    Botanical   lecture   room.    Sage  College. 

Esther  F.  Byrnes,  Girls  High  School,  Brooklyn,  Chairman 

1  The  Work  of  a  Children's  Museum,  illustrated  by  stereopticon 

slides 
Anna    Billinc.s    Gallup,    Brooklyn    Institute    of    Arts    and 
Sciences 

2  Inspection  of  Apparatus  used  in  the  Department  of  Botany 

Conducted  by  Dr  E.  J.  Durand,  Cornell  University 

Section  C  —  Earth  science.     Geological  lecture  room,  McGraw 

Hall.     JExNNjm  T.  Martin,  Business  High  Schcx)!,  Washington, 

D.  C,  Chairman 
Examination  of  physiographic  and  geologic  laboratories  of  Cornell 

University 
Street  car  excursion :    Physiographic  Features  of  the  Ithaca  Region 

Led  by  Oscar  D.  von  EInc.kln,  Cornell  University 

FRIDAY   EVENIKG,    DECEMBER  27 

General  meeting.     Lrecture  room.  A,  Rockefeller  Hall 

I   The  Devel(.)pment  of  Atomic  Theories 
L.  M.  Dennis,  Cornell  University 
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2  Electrical  Oscillations 

J.  S.  Shearer,  Cornell  University 
Several  experiments  in  connection  with  these  two  informal  talks 
were  kept  in  operation  after  the  session  for  comment  and  questions. 
Reception    by    President    and    Mrs    Schiirman   at   the    President's 
House,  41  East  Avenue,  Campus 

SATURDAY  KORKIKG,   DECEMBER  88 

Section  meetings 

Election  of  section  officers  and  miscellaneous  business 

Section  A  —  Physics  and  chemistry 

1  Exhibition  of  Liquid  Air  Plant  in  Operation 

F.  K.  RicHTMYER,  Cornell  University 

2  Inspection  of  Dynamo  Laboratory 

F.  Bedell,  Cornell  University 

3  Photography  Laboratory 

G.  S.  MoLER,  Cornell  University 

4  Exhibit  of  Lantern  Slides  prepared  by  the  Lumiere  Color  Pho- 

tography Process 
Dr  E.  R.  von  Nardroff,  Erasmus  Hall  High  School,  Brooklyn 

5  Talk  on  Wireless  Telephony 

C.  D.  CniLos,  Colgate  University,  Hamilton,  N.  Y. 

6  The  Study  of  Science  by  Young  People 

William  S.  Franklin,  Lehigh  University,  South  Bethlehem, 
Pa. 

Section  B  —  Biology.  Room  5,  McGraw  Hall.  Esther  F. 
Byrnes,  Girls  High  School,  Brooklyn,  Chairman 

1  The  Educational  Uses  of  Sharks  and  Rays,  especially  the  Acanth 

(Squalus  Acanthias,  *'  horned  dogfish  ") 
Burt  G.  Wilder.  Cornell  University 

2  First  Year  Biology  in  New  York  City 

ZiLLAii  Heideniieim,  Curtis  High  School,  Staten  Island 

3  Experimental  Work  in  Biology 

Cyrus  A.  King,  Erasmus  Hall  High  School,  Brooklyn 

4  Inspection  of  Department  of  Vertebrate  Zoology,  Cornell  Uni- 

versity 

Section  C  —  Earth  science.  Geological  lectxire  room,  McGraw 
Hall.  Jennie  T.  Martin,  Business  High  School,  Washington, 
D.  C,  Chairman 
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1  How  to  make  relief  models  of  small  areas,  with  an  explanation  of 

a  peculiar  and  interesting  glacial  valley 
T.  C.  Hopkins,  Syracuse  University 

2  Power  Questions  and  their  Value 

Jennie  T.  Martin,  Business  High  School,  Washington,  D.  C 

3  Brief  contributions  from  members,  including  new  laboratory  exer- 

cises, teaching  devices,  results  of  field  investigations,  etc. 

Council  meeting.     Room  130,  Rockefeller  Hall 
General  meeting.    Room  A,  Rockefeller  Hall 

1  Report  of  treasurer 

2  Report  of  auditing  committee 

3  Report  of  nominating  committee,  election  of  officers,  announce- 

ment of  place  of  next  meeting 

4  Necrology 

5  Reports  of  standing  committees  and  delegates 

6  Miscellaneous  business 

Address :    The  Outlook  of  Science  Teaching 
L.  H.  Bailey,  Cornell  University 

BATintDAT  AFTERKOON,  DEOEXBEB  88 

Luncheon,  Sage  College 

General  meeting.     Room  2,  Morse  Hall 

The  Purification  of  Water 

E.  M.  Chamot,  Cornell  University 

Fallowed  by  a  visit  to  the  Carnegie  filtration  plant  on  the  Campus. 

Other  points  of  interest  visited  were  the  shops  and  laboratories  of 
Sibley  College  and  of  the  College  of  Civil  Engineering,  the  power 
plant  in  the  gorge,  an  example  of  small  flow,  high  pressure  hydraulic 
system,  the  Medical  College,  etc. 
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SUMMARY  OF  ACTION 
Treasurer's  report 

Summary   ai  per   booki  and   ▼onoheri  on   file   for  year   ending   December   88,    1907 

Receipts 

Dec.  27,  1906  Balance  on  hand $148  09 

Dec.  28,  1907  Dues  to  date loi   . . 

Total $249  09 

Expenditures 

Dec.  28,  1907  Total  to  date $101  35 

Dec.  28,  1907  Balance  on  hand 147  74 


$249  09 


Auditing  committee.     The    auditing   committee   has   examined 

the  report  of  the  treasurer  of  the  New  York  State  Science  Teachers 

Association  and  finds  it  to  be  correct. 

O.  C.  Kenyon  1 

r  Committee 


I.  P.  Bishop 


December  28,  1907 
Report  accepted 


Nominating  committee.  The  nominating  committee  made  the 
following  nominations:  President,  O.  C.  Kenyon,  Syracuse  High 
School;  vice  president,  W.  M.  Smallwood,  Syracuse  University; 
secretary-treasurer,  E.  R.  Smith,  Syracuse  High  School 

For  members  of  the  council  (term  to  expire  191 1) 

E.  R.  VON  Nardroff,  Erasmus  Hall  High  School,  Brooklyn 

C.  B.  Rodertson,  Cortland  Normal  School 

M.  A.  BiGEix)W,  Teachers  College,  New  York 

Motion  was  made  and  carried  that  the  secretary  cast  the  unani- 
mous ballot  of  the  association  for  those  nominated. 

Place  of  mieeting 
Syracuse  was  named  as  the  next  place  of  meeting. 
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Necrology 

R.  J.  KiTTREiK.K,  Erie,  Pa.  died  Xoveniber  1907. 

Report  of  committees 

The  comniitlee  on  Uioloji^ical  Survey  rei)orted  progress  and  was 
continued. 

Xo  reports  from  other  committees.  Their  work  is  to  extend 
throuj^h  a  number  of  years  so  all  committees  were  continued. 

J.  E.  Peabody,  Morris  Hijj^h  School,  Xew  York,  was  released 
(ui)cn  reniiest)  from  the  chairmanship  of  the  committee  on  biology. 
W.  M.  Smallwood,  Syracuse  University,  was  made  chairman  and 
Miss  Esther  Byrnes  of  Girls  High  School,  l>rooklyn,  was  added  to 
the  committee. 

Section  officers  for  1908 

Section  A  —  Physics  and  chemistry 
Chairman  and  secretary  to  be  chosen  by  the  new  i)resident 

Section  B  —  Biology 
Chairman,  L.  S.  Hawkins,  Cortland  Xormal  School 

Section  C — F.arth  science 
Chairman  and  secretary  to  l>e  chosen  by  the  new  president 

Vote  of  thanks.  A  vote  of  thanks  was  extended  to  Cornell 
I'niversity  for  its  hospitality. 


SICCTION    MKKTIXdS  —  SKCTIOX    A  II 

SECTION  MEETINGS 
Friday  morning,  December  27 

Section  A—  PHYSICS  AND  CHEMISTRY 

THE   MEASUREMENT    OF   VERY   HIGH    AND    OF  VERY   LOW   TEMPERATURES 

BY  J.  S.   SFIKAkKR,  CORNKLL   UNIVKRSITY 

All  comparisons  of  lenii)CTaturcs  depend  finally  on  the  recurrence 
of  some  convenient  physical  state  of  phenomena  which  depends  on 
thermal  condition.  Experience  shows  that  the  volume  of  a  fixed 
amount  of  liquid  returns  to  the  same  value  when,  after  chanj^es  in 
tcmi)erature,  it  is  again  hrought  to  its  initial  condition  as  regards 
temperature. 

While  change  of  volume  of  licjuids  or  the  change  of  pressure  and 
volume  of  a  gas  are  the  physical  properties  more  commonly  used 
for  temj^erature  comparisons  they  are  by  no  means  the  only  ones 
now  in  practical  use  for  this  purj)ose.  We  may  use  any  physical 
property  which  varies  with  temperature  in  order  to  make  such 
measurements.  Among  the  most  convenient  may  be  mentioned  the 
following:  change  in  electrical  resistance,  thermal  electro-motive 
force,  production  of  luminous  radiation,  thermal  radiation,  etc. 
Xone  of  these  may  be  ap[)lie(l  at  all  temperatures  and  their  respec- 
tive limitations  may  be  briefly  noted. 

Li(iuid  thermometers  are  limited  by  the  melting  and  boiling  points 
of  the  liquid  used.  Alcohol,  for  example,  boils  at  a  comparatively 
low  temi)erature  and  freezes  only  in  extreme  cold,  yet  it  becomes 
viscous  long  before  solidification  and  is  therefore  not  very  useful 
as  a  thermometric  fluid.  Mercury  freezes  at  about  40°C.  and  by 
increasing  the  pressure  to  which  it  is  subjected  and  using  quartz 
instead  of  glass  tubes  temperatures  of  700'' C.  may  be  indicated.  Eor 
extreme  low  temi)eratures  petroleum  ether  may  be  used  down  to 
icjo'-C.  for  approximate  measurement. 

The  gas  thermometer  while  inconvenient  in  use  has  a  range  from 
the  lowest  temperature  yet  attained  to  about  iioo'^C.,  the  upper 
limit  being  determined  by  our  inability  to  secure  suitable  containers 
for  the  gas.  It  is  also  the  final  standard  for  temperature  mea.sure- 
ments  and  is  used  in  the  standardization  of  all  accurate  ther- 
mometers. 
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The  electric  resistance  thermometer  may  be  used  from  about  200** 
to  iooo°C.  The  relation  between  change  of  temperature  and  change 
in  resistance  is  decidedly  modified  below  200°,  and  even  metals 
which  do  not  melt  at,  or  below,  iooo°C.  begin  to  evaporate  at  that 
point  and  are  not  reliable  because  of  decrease  of  cross-section. 

The  thermo junction  has  a  range  from  about  the  lowest  known 
to  about  I500°C.  by  using  very  refractory  metals  like  platinum  and 
some  of  its  alloys. 

No  thermometer  yet  devised  of  the  types  mentioned  exceeds  the 
range  of  the  thermocouple  and  yet  much  higher  temperatures  must 
be  measured  daily  in  the  control  of  modern  manufacturing  processes. 
To  meet  these  needs  there  have  been  developed  several  types  of 
pyrometers  as  they  are  called  which  give  fairly  consistent  results  for 
temperatures  between  about  700°  and  3600°,  i.  e.  from  a  dull  red 
heat  to  the  temperature  of  the  electric  arc.  These  instruments  all 
depend  on  the  laws  of  radiation,  which  are  applied  in  various  ways 
to  accomplish  the  result. 

The  simplest  is  the  Morse  thermogage  which  may  be  illustrated 
by  heating  a  wire  by  an  electric  current  and  holding  it  just  in  front 
of  a  red  hot  plate  of  metal.  If  the  wire  is  cooler  than  the  plate  it 
will  appear  as  a  dark  line  on  a  bright  background  while  if  hotter 
the  reverse  will  be  the  case.  When  the  wire  is  practically  invisible 
its  temperature  is  very  close  to  that  of  the  plate.  By  using  an  in- 
candescent lamp  instead  of  the  wire  and  a  suitable  optical  arrange- 
ment this  becomes  a  practical  instrument  of  certain  ranges  espe- 
cially those  used  in  the  manufacture  of  steel. 

The  Fery  pyrometer  may  be  illustrated  by  using  a  hot  metal  ball, 
a  concave  mirror  and  a  thermopile.  When  the  image  of  the  ball  is 
formed  on  the  pile  an  indication  is  given  which  is  in  proportion  to 
the  temperature  of  the  ball.  Other  instruments  use  the  light  from 
the  hot  body  as  compared  with  that  from  a  standard  source. 

The  radiation  pyrometer  has  the  great  advantage  of  avoiding 
contact  with  the  hot  body  and  as  no  part  is  ever  heated  to  any  high 
temperature  they  are  not  likely  to  be  damaged.  One  point  should 
be  kept  in  mind,  however,  that  the  radiation  from  a  body  does  not 
depend  exclusively  on  its  temperature  but  also  on  the  nature  of  its 
surface,  so  that  calibrations  are  made  in  terms  of  an  ideal  arrange- 
ment termed  a  "  black  body  "  and  the  deviation  from  this  is  to  be 
determined  in  any  particular  case. 
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IKSPEOTIOK   OF  LABORATORIES  OF  ROCKEFELLER  HALL 
UNDER  DIRECTION  OF  ERNEST  BLAKER 

During  the  Ithaca  meeting  of  the  New  York  State  Science  Teach- 
ers Association  December  27  and  28,  1907,  the  practice  lal)oratories 
of  the  department  of  physics  were  open  at  any  time  for  inspection 
by  those  interested.  Eight  members  of  the  instructing  staff  were 
present  to  act  as  guides  and  to  show^  such  apparatus  and  experiments 
as  were  asked  for  in  communications  sent  in  to  the  president  of  the 
association. 

Some  experiments  in  wave  motion,  sound  and  lantern  projection 
were  shown  in  the  section  meetings  which  are  outlined  elsewhere. 
In  the  practice  laboratories  experiments  were  shown  supplementing 
those  just  mentioned.  In  wave  motion  a  heavy,  soft  copper  spiral 
loosely  coiled  and  suspended  with  its  axis  horizontal  by  long  strings 
fastened  to  a  horizontal  support  and  the  individual  turns,  was  used 
to  show  longitudinal  compressional  waves  and  stationary  waves. 
Melde*s  experiment  was  operated  with  two  strings  whose  tension 
was  regulated  to  give  vibrating  segments  of  equal  length,  one  string 
being  stretched  parallel  to  the  axis  of  the  fork  and  the  other  perpen- 
dicular to  the  axis  both  being  in  the  plane  of  the  prongs.  Kundt's 
experiment  was  demonstrated  using  an  improved  form  of  apparatus 
with  powdered  quartz  in  the  tube.  The  ordinary  forms  of  sono- 
meters were  also  shown. 

A  12  foot  concave  Rowland  reflection  diffraction  grating  was 
used  to  show  the  spectrum  produced  by  a  Coo|)er-Hewitt  mercury 
lamp.  Diffraction  spectra  were  also  produced  by  means  of  trans- 
mission gratings.  The  prismatic  spark  spectrum  of  lead  was  shown 
using  a  heavy  flint  glass  prism.  Interference  bands  produced  by 
the  Michelson  interferometer  using  sodium  light  and  the  rotation 
of  the  plant  of  polarization  in  a  magnetic  field  completed  the  regular 
exhibit  in  light. 

In  heat,  apparatus  was  shown  for  finding  Joules  equivalent  by  the 
electrical  and  mechanical  method,  for  comparing  thermometers  and 
measuring  temperatures  by  means  of  the  platinun  resistance  ther- 
mometer, and  for  finding  specific  heats  by  Joly's  steam  calorimeter. 

In  electricity  and  magnetism  a  few  of  the  pieces  of  apparatus  and 
experiments  shown  are  noted  below:  Magnetometers,  quadrant 
electrometer,   sensitive  and    nonsensitive   tangent   and    d'Arsonval 
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galvanometers  for  current,  quantity  and  potential  measurements, 
portable  d'Arsonvals  used  for  zero  methods;  different  types  of 
wheatstone  bridges,  the  Carey-Foster  bridge,  and  three  styles  of 
slidewire  bridges. 

A  device  for  producing  an  alternating  E.  M.  F.  of  high  frequency 
but  low  voltage  for  use  in  measuring  the  resistance  of  electrolytes 
was  in  operation.  The  heating  effect  and  consequent  change  of 
resistance  of  the  electrolyte  is  practically  eliminated  by  using  this 
apparatus.  The  same  apparatus  was  also  used  in  the  experiment 
on  comparing  the  capacity  of  condensers  by  the  bridge  method. 
The  pitch  of  the  tone  emitted  may  be  regulated  to  suit  the  experi- 
menter within  quite  wide  limits. 

Two  small  motor  generator  sets  were  in  operation.  One  was  made 
up  of  a  3/2  hp.  direct  current  motor  directly  connected  to  a  two 
phase  generator  which  in  turn  was  used  to  drive  a  squirrel  cage 
induction  armature.  The  effect  of  the  rotating  field  in  this  case 
was  also  shown  by  using  light  weight  conductors  in  it  which  were 
easily  rotated.  The  other  motor  generator  set  was  made  up  of  a 
Yz  hp.  single  phase  inductor  motor  driving  by  means  of  a  belt  a 
20  volt  direct  current  generator  which  was  used  to  supply  current 
for  various  experiments  including  electrolysis. 

The  general  photomotry  laboratory  is  connected  with  the  practice 
laboratories  and  in  this  division  various  photometers  and  light 
sources  were  exhibited. 

In  addition  to  the  general  exhibit  outlined  above,  one  morning 
was  devoted  to  special  demonstrations.  The  liquid  air  plant,  the 
joint  property  of  the  departments  of  chemistry  and  physics,  was 
operated  under  the  direction  of  Mr  F.  K.  Richtmyer  who  explained 
the  operation  in  detail.  Mr  Richtmyer  discussed  the  properties  of 
liquid  air,  its  conijx>sition  as  it  aged  and  outlined  its  effects  on  the 
proi)erties  of  various  substances,  and  its  usefulness  in.  scientific 
research. 

Following  the  liquid  air  demonstration  Frederick  Bedell  assisted 
by  C.  A.  Pierce  conducted  the  visitors  through  the  dynamo  and 
alternating  current  laboratories  of  the  department  of  physics  where 
many  interesting  direct  and  alternating  current  phenomena  were 
shown.  These  laboratories  are  used  especially  for  research  work 
and  the  general  instruction  of  students  in  science. 

In  the  department  of  physics  there  has  been  developed  by 
G.  S.  Moler  a  photographic  laboratory  where  instruction  is  given 
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in  the  ordinary  photographic  processes  but  it  is  more  especially 
designed  to  prepare  students  for  the  use  of  photography  in  scientific 
work.  This  laboratory,  which  was  the  last  visited,  occupied  the 
whole  of  the  third  floor  in  the  north  wing  and  a  suite  of  rooms  in 
the  central  section  of  the  building.  Mr  Moler  conducted  the 
guests  through  this  laboratory  and  explained  the  arrangement  of 
rooms  and  the  facilities  of  his  department. 
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SOME   8UOOE8TIOK8   BEOAKDIKO   THE   TEACHIKO   OF   ELEXEHTABT 
ELEOTBIOITT 

«Y   R.   C.   GIBBS,   CORNELL  UNIVERSITY 

The  method  of  presenting  the  subject  of  electricity  will  depend  to 
a  large  extent  upon  what  topics  in  physics  have  been  previously 
studied.  Let  us  suppose  then  the  student  has  a  fairly  good  knowl- 
edge of  the  principles  of  elementary  mechanics,  heat  and  magnetism. 
In  magnetism  let  us  assume  that  he  knows  the  magnetic  effects  of 
current  and  the  elementary  laws  connected  therewith. 

Granting  this  preparation  we  may  at  once  begin  the  study  of  the 
laws  of  electric  charges,  first  considering  them  as  static  and  secondly 
as  moving  charges  i.  e.  current  electricity.  The  crucial  point  of  the 
whole  subject  lies  in  getting  the  student  to  see  the  identity  of  the 
two  kinds  of  electricity.  He  must  be  brought  to  realize  that  if  a 
charge  of  electricity  developed  by  whatever  means,  whether  fric- 
tional,  chemical,  thermal,  or  inductional  (e.  g.  as  in  a  dynamo)  is 
connected  by  a  conductor  to  a  place  of  lower  potential,  a  current 
will  result. 

Experiments  which  demonstrate  this  identity  include,  among 
others,  the  testing  for  fall  of  potential  through  a  resistance  of  several 
incan^icscent  lamps  in  series  in  a  500  volt  circuit,  by  means  of  an 
electroscope;  the  indication  of  current  by  means  of  a  galvanometer 
when  a  condenser  is  charged  from  an  electrostatic  machine;  the 
indication  of  current  by  means  of  a  sensitive  galvanometer  when  the 
armatures  of  a  charged  condenser  placed  on  an  insulated  support 
are  alternately  discharged  through  the  body.  Other  experiments 
depending  upon  the  magnetic  effects  of  current  may  be  used  to 
establish  still  further  this  identity. 

In  fixing  in  the  mind  of  the  student  the  relations  between  electric 
quantities  much  may  l>e  gained  by  comparing  them  step  by  step 
with  the  analogous  phenomena  which  occur  in  a  system  of  water 
pipes.  Resistance,  potential,  capacity  and  several  other  terms  all 
have  their  water  analogue.  Of  course  the  analogy  is  not  complete 
in  several  details,  e.  g.  in  the  water  system  there  is  notliing  corre- 
sponding to  the  magnetic  field  which  surrounds  a  conductor  carrying 
a  current.  The  question  of  the  capacity  of  a  condenser,  so  often 
troublesome  because  of  the  common  meaning  attached  to  the  term, 
may  be  quite  accurately  illustrated  by  considering  the  amount  of  air 
which  can  be  forced  into  an  elastic  bag  in  order  to  produce  a  certain 
pressure* 
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Although  the  electric  current  might  be  measured  more  or  less 
accurately  by  any  one  of  its  effects,  viz,  magnetic,  chemical,  thermal, 
or  physiological,  yet  the  first  affords  the  most  direct  method  of  pro- 
cedure because  of  the  simple  proportionality  between  the  intensity 
of  magnetic  effects  and  that  of  current.  This  effect  is  independent 
of  the  size  and  nature  of  the  conductors. 

Among  the  quantities  to  be  measured  or  computed  in  connection 
with  electricity,  that  of  the  amount  of  work  done,  or  energy  con- 
sumed in  any  part  of  a  circuit  is  generally  troublesome.  This  is 
often  due  to  the  failure  on  the  part  of  the  student  to  understand 
or  on  the  part  of  the  teacher  to  present  correctly  the  fundamental 
notion  of  pptential.  As  soon  as  the  student  thoroughly  grasps  the 
idea  that  potential  is  something  which  will  cause  electric  charge  to 
move  from  one  point  of  a  conductor  to  another  when  for  any  reason 
the  potential  or  pressure  at  the  second  point  is  less  than  that  of  the 
first,  he  has  gone  a  long  way  toward  clearing  up  what  would  other- 
wise be  a  more  or  less  hazy  conception  of  the  whole  subject  of 
energy  relations.  Remembering  that  potential  difference  between 
two  points  is  measured  by  the  amount  of  work  done  in  carrying  unit 
charge  from  one  point  to  the  other,  it  is  not  difficult  to  see  that  if 
more  charge  were  carried  between  the  same  points  or  the  same 
charge  between  two  points  having  a  greater  difference  of  potential 
a  proportionally  greater  amount  of  work  would  be  done. 

Without  going  into  detail  it  may  be  sufficient  to  call  attention  to 
the  fact  that  the  solution  of  Ohm's  Law  problems  by  mere  substitu- 
tion in  a  formula  is  worse  than  useless.  An  understanding  of  the 
principles  underlying  the  formula  referred  to,  together  with  a  knowl- 
edge of  its  limitations,  is  essential. 

Another  topic  which  should  receive  considerable  attention  in  the 
study  of  electricity  is  that  of  induced  E.  M.  F.  There  are  several 
other  minor  topics  which  should  not  be  entirely  omitted  such  as, 
electrolysis,  passage  of  electricity  through  gases,  and  high  frequency 
oscillations.  The  main  object  of  this  paper,  however,  has  been  to 
emphasize  the  importance  of  teaching  the  identity  of  electrostatic 
and  current  electricity,  to  suggest  the  expediency  of  using  some 
analogy  which  will  appeal  to  everyday  experience,  to  point  out  the 
necessity  of  paying  special  attention  to  the  fundamental  notion  of 
potential,  and  to  discourage  the  mechanical  method  of  solving  prob- 
lems by  mere  substitution  in  formulae  of  whose  meaning  and  limita- 
tions the  student  has  little  or  no  idea  and  of  which  practice  the 
Ohm's  Law  problems  are  glaring  examples. 
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SOME    EXPE&IMEVTS    HXUSTHATIKO   WAVE    MOTIOV    AXD   METHODS  OF 

PBOJECnOK 

RV    C.    W.    \VAG(;<)NER   &    E.    C.   CRITTENDEN,   CORNELL    UNIVERSITY 

In  response  to  requests  for  experiments  in  wave  motion  a  few 
pieces  of  homemade  apparatus  were  exhibited.  Transmission  of 
waves  at  a  speed  slow  enough  for  convenient  observation  is  shown 
by  a  piece  of  steel  tape  loaded  with  transverse  sticks  at  intervals  of 
a  few  inches  and  hung  by  one  end  from  a  suitable  support.  The 
lower  end  is  left  hanging  free,  so  that  reflection  is  shown  with 
change  of  phase  at  the  upper  (fixed)  end  and  without  change  of 
phase  at  the  lower  end.  This  device  can  be  used  also  to  show  the 
passage  of  wave  trains  through  one  another.  Additional  weighting 
of  a  part  of  the  tape  makes  it  a  **  denser  medium,"  for  example  by 
binding  additional  sticks  upon  those  of  the  upper  end  we  get  partial 
reflection  and  partial  transmission  of  the  waves. 

Standing  waves  can  be  readily  shown  in  several  ways.  Good 
eflFects  are  obtained  with  a  cord,  one  end  of  which  is  whirled  by  an 
eccentric  cam  on  a  small  motor,  while  the  other  end  is  passed  over 
a  pulley  and  held  by  suspended  weights.  This  affords  a  means  of 
regidating  the  tension ;  the  frequency  can  be  readily  altered  by  con- 
trol of  the  motor ;  the  effect  of  variation  in  mass  of  the  string  can 
be  shown  by  using  a  light  and  a  heavy  cord  in  series.  Polarization 
of  the  waves  along  the  cord  can  be  produced  by  a  slip  placed  at  an 
antinode,  and  a  second  slit  furnishes  an  excellent  analog)-  for  the 
analyzer.  Two  details  in  the  design  exhibition  of  this  apparatus 
are  perhaps  worth  mentioning:  first,  the  eccentric  cam  should  have 
a  swivel  joint  with  a  harness  to  prevent  twisting  of  the  cord ;  second, 
the  cord  can  be  made  clearly  visible  by  darkening  the  room  and 
setting  a  lantern  so  as  to  throw  a  beam  of  light  along  the  cord. 

Another  piece  of  apparatus  can  l>e  made  out  of  a  section  of  gal- 
vanized iron  conductor  pipe  3  or  4  inches  in  diameter  and  10  to  15 
feet  long.  Close  the  ends,  one  by  a  sliding  plug  and  the  other  by  a 
piece  of  stretched  rubber  dam.  Provide  an  inlet  for  coal  gas,  and 
along  one  sic'e  of  the  pipe  drill  a  series  of  small  holes  all  of  the 
same  size  at  intervals  of  about  an  inch.  Tlie  gas  jets  thus  made 
are  lighted,  giving  a  uniform  row  of  flames.  If  then  a  continuous 
and  fairly  intense  S(nnid  is  pro'luced  near  the  rubber  membrane  and 
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the  sliding  plug  is  adjusted  so  as  to  tune  the  pipe  to  this  sound, 
the  nodes  and  antinodes  in  the  pipe  will  be  distinctly  shown  by  the 
variation  in  hight  and  color  of  the  flames.  The  gas  pressure  in  the 
pipe  must  be  rather  small. 

Beautiful  systems  of  standing  waves  are  easily  produced  on  the 
surface  of  mercury.  A  steady  system  can  be  obtained  by  running 
a  motor  on  the  table  or  by  putting  into  the  mercury  one  enrl  of  a 
wire  which  is  connected  to  an  electrically  driven  tuning  fork.  In- 
structive variations  are  made  by  using  vessels  of  various  shapes, 
such  as  circular,  elliptical,  or  triangidar.  Two  vibrating  wires  as 
sources  produce  systems  of  waves  in  wdiich  the  lines  of  destructive 
interference  are  plainly  marked.  In  the  case  of  the  elliptical  vessel, 
if  a  vibrating  wire  is  put  near  one  focus  the  second  focus  is  shown 
by  the  wave  arrangement.  The  mercury  surface  is  a  good  reflector, 
and  by  using  two  plane  mirrors  and  a  focusing  lens  the  light  from 
a  lantern  can  be  made  to  give  a  very  g(X)d  image  of  the  surface 
on  a  screen.  For  this  purpose  it  is  well  to  remove  the  focusing 
lens  of  the  lantern  and  one  of  the  condensers  in  order  to  get  ap- 
proximately parallel  rays  thrown  upon  the  mercury  surface. 

A  spectroscope  assembled  out  of  ordinary  lecture  room  equipment 
was  used  to  show  several  bright  line  spectra  and  also  the  reversal 
of  the  sodium  lines  giving  the  corresponding  dark  lines  in  the 
spectrum.  The  **  spectroscoi)e  '*  used  is  the  usual  arrangement  of 
lantern,  focusing  lens,  and  prism  to  give  a  spectrum.  The  lantern, 
however,  must  be  hand  fed ;  the  various  salts  and  metals  are  then 
introduced  directly  into  the  arc,  their  lines  appearing  superi>osed 
on  the  continuous  spectrum  of  the  arc.  Occasionally  w^hen  the 
lantern  becomes  filled  with  comparatively  cool  vapor,  reversal  of 
lines  will  be  obtained.  To  get  this  reversal  at  will  put  in  the  path 
of  the  Ixiam  of  light,  at  its  narrowest  part,  a  joint  of  stovepipe  with 
two  slits  at  opposite  sides  to  allow  passage  of  the  light.  In  the  pipe 
with  a  blast  lamp  vaporize  a  quantity  of  metallic  sodium.  The 
vapor  absorbs  the  wave  length  in  the  yellow  characteristic  of  sodium, 
and  black  lines  appear  in  their  place  in  the  spectrum. 

As  further  examples  of  spectroscopic  apparatus  some  diffraction 
gratings  of  each  type,  that  is,  transmitting  and  reflecting,  were 
shown,  some  with  simple  mounting  used  in  laboratory  instruction, 
others  with  the  more  clal)orate  machinery  used  in  research  work. 

Attention  is  especially  invited  to  the  fact  that  a  large  part  of  the 
equipment  shown  is  homemade,  and  that  much  of  it  can  be  dupli- 
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cated  in  any  shop.  No  teacher  of  physics  need  despair  because 
he  lacks  finely  finished  and  expensive  apparatus.  Fortunately  we 
find  that  the  more  simple  the  apparatus  is,  the  more  readily  does  the 
student  grasp  the  underlying  principle,  and  what  we  want  is  not  a 
knowledge  of  the  equipment  in  any  particular  laboratory  but  a 
comprehension  of  the  fundamentals  on  which  all  physical  operations 
depend. 
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Section  B  — BIOLOGY 

FACTOBB  THAT  MAKE  FOB  SUCCESS  IK  THE  TEACHIKO  OF  BIOLOOT  IK  OVB 

HIGH  SCHOOLS 

BY   H.   H.   WHETZEL,  CORNELL  UNIVERSITY 

When  in  reply  to  the  kind  invitation  of  your  chairman  to  speak 
to  you  on  this  occasion,  I  replied  that  I  would  attempt  to  outline 
what  appeared  to  me  to  be  the  factors  that  made  for  success  in  the 
teaching  of  biology  in  our  high  schools,  I  felt  that  it  would  be  an 
easy  matter  for  me  to  concrete  and  classify  my  ideas  on  the  subject. 
The  task  has  proven  to  be  not  without  difficulties.  While  the  four 
characters  or  characteristics  that  I  shall  briefly  discuss  are  not  to 
be  considered  the  only  ones  that  figure  in  successful  biology  teach- 
ing, yet  they  appear  to  me  to  be  among  those  of  first  importance. 

Since  our  ideas  and  opinions  on  such  a  subject  are  very  largely 
determined  by  our  experiences,  I  have  kept  before  my  mind  in  the 
preparation  of  this  paper  a  few  good  teachers  of  biology  that  I 
have  been  so  fortunate  as  to  know  well  Not  all  of  them  are  high 
school  teachers.  Yet  I  feel  sure  that  those  of  them  that  teach  in 
college  or  university  would  be  equally  successful  if  teaching  in  high 
schools.  We  should  remember  that  the  college  freshman  is  only 
a  high  school  senior  three  months  later. 

With  possibly  that  one  exception  that  proves  the  rule,  I  find  that 
every  one  of  these  teachers  is  thoroughly  and  broadly  trained  in 
the  subject-matter  of  biology.  They  know  the  subject-matter. 
They  are  able  to  view  the  whole  field  and  distinguish  the  great 
factors  in  life  phenomena.  They  have  clear  conceptions  of  the 
structure,  physiology  and  evolution  of  living  things.  They  appreci- 
ate keenly  the  interrelations  of  plants  and  animals.  They  bristle 
with  suggestions  of  related  things.  They  see  the  plant  not  merely 
as  a  composite  of  root,  stem,  leaf  and  flower,  a  thing  to  be  analyzed 
and  named,  to  be  pressed  and  mounted  on  a  herbarium  sheet,  but 
a  vitally  living  organism,  thrusting  its  roots  into  the  soil,  seeking 
ami  absorbing  food  and  water  therefrom,  spreading  its  broad  green 
leaves  to  the  sun  and  air,  that  carbon  may  be  gathered  for  the  manu- 
facture of  starch  and  sugar,  elaborated  foods  for  the  use  of  the 
living  protoplasm  of  each  active  cell,  unfolding  its  rich  red  blossoms 
to  the  insect  world  that  pollination  may  be  effected,  fertilization 
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accomplished  and  its  posterity  assured.  To  know  plants  and 
animals  in  relation  to  their  environment,  and  to  each  other,  to  see 
them  meet  and  solve  the  problems  of  their  existence  and  perpetua- 
tion, to  understand  something  of  the  history  of  their  evolution,  this 
is  to  know  the  subject-matter  of  biology. 

I  recall  also  that  all  these  teachers  (and  here  there  is  no  excep- 
tion), are  enthusiastic.  They  glow  with  enthusiasm  born  of  knowl- 
edge and  it  is  abiding  and  contagious.  Enthusiasm  on  the  part  of 
the  teacher  begets  interest  on  the  part  of  the  student.  The  teacher 
for  whom  every  living  thing  has  a  message,  to  whom  every  living 
thing  presents  problems  to  be  solved,  can  not  fail  to  arouse  interest 
and  enthusiasm  in  pupils.  As  my  own  biology  teacher  used  to  say, 
such  teachers  have  the  *'  divine  touch."  Of  none  could  this  be 
more  truly  said  than  of  him.  A  half  hour's  talk  with  him  would 
fire  me  with  enthusiasm  and  energy  for  weeks  of  hard  work.  It 
does  still  when  I  have  the  good  fortune  to  be  with  him  for  a  visit. 
To  his  inspiration  more  than  to  anything  else  do  I  attribute  my 
interest  and  ambition  along  biological  lines.  The  man  who  lacks 
enthusiasm,  be  he  ever  so  wise,  can  not  teach.  His  enthusiasm 
must  be  broad,  it  must  not  be  special.  The  vvhole  field,  all  the 
problems  must  be  vital  to  the  teacher  of  biology.  Therefore  his 
enthusiasm  must  be  readily  and  quickly  transferred.  The  problem 
in  hand  today,  the  plant  just  found,  the  animal  just  captured,  must 
be  the  thing  of  vital  importance  and  interest  and  it  must  present 
problems  and  possibilities. 

Another  common  characteristic  of  these  teachers  is  that  they  are 
hard  workers.  Every  teacher  knows  that  the  lesson  that  receives 
the  most  preparation  and  study  by  the  teacher  is  the  best  taught. 
The  interest  and  enthusiasm  of  the  pupil  are  directly  proportional 
to  the  amount  of  work  put  upon  the  subject  by  the  teacher.  If  you 
don't  believe  this  try  it.  I  well  remember  the  amazement  with  which 
I  learned  that  my  biology-  teacher  spent  three  hours  in  the  prepara- 
tion of  every  lecture  that  he  gave  us,  though  he  had  taught  the 
subject  for  at  least  ten  years.  My  amazement  continues  to  this 
day  but  it  is  now  that  he  should  have  been  able  to  have  given  such 
wonderful  lectures  with  so  little  preparation.  Hard  work  on  the 
part  of  the  teacher  is,  if  properly  directed,  sure  to  result  in  hard 
work  and  interest  on  the  part  of  the  pupil.  The  lazy  teacher  should 
never  expect  pupils  to  work. 

These  teachers  of  mine  are  all  keen  observers.  They  see  the 
great  problems  of  living  things  in  the  plants  and  animals  around 
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them.  The  waste  of  weeds  beside  the  path,  the  stagnant  pond,  the 
miry  marsh  or  thorny  thicket  teem  with  Hfe  and  so  with  interest. 
What  a  revelation  and  inspiration  was  my  first  field  trip  with  a 
teacher  who  could  really  see  things!  I  had  gone  over  the  same 
grounds  many  times  before  but  I  had  never  before  seen  half  the 
things  we  found  that  day.  1  have  since  learned  that  much  of  the 
secret  of  finding  living  things  is  in  knowing  what  you  are  looking 
for,  but  more  in  knowing  the  related  environment,  in  other  words 
in  knowing  the  organism  where  it  lives,  in  knowing  it  at  home. 
But  not  only  must  the  teacher  be  keenly  observant  himself,  he  must 
be  able  to  open  the  eyes  of  his  pupils.  Information  and  inspiration 
are  the  clay  and  spittle  of  that  miracle. 

And  finally  the  ability  to  teach  common  things  seems  to  me  to 
be  a  characteristic  of  all  these  teachers  that  I  have  in  mind.  They 
at  once  related  me  to  my  environment.  A  jar  of  pond  water  from 
a  near-by  creek  brought  the  first  message  of  cell  life,  its  structure, 
its  physiology,  its  evolution.  Pith  from  the  elder  bush  I  had  known 
all  my  life,  a  potato  from  the  patch  I  had  so  often  hoed,  a  twig 
from  the  basswood  tree  by  the  laboratory  door,  gave  me  my  first 
insight  into  the  wonders  of  cell  structures,  tissues,  their  specializa- 
tions and  adaptations,  division  of  labor  and  development  of  plant 
organs,  etc.  Life  with  all  its  problems  of  origin  and  evolution  was 
at  my  door.  I  had  only  to  reach  out  and  take  and  touch  and  handle 
it,  examine  and  delve  into  its  mysteries.  The  problems  were  mine 
for  the  asking,  their  solution  mine  for  the  trying.  For  only  finding 
out  is  fun  and  only  work  is  living. 
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AIM  AVD   METHOD  DT  8EC0VDABT  BIOLO0T 

BY  MARTHA  F.  GODDARD,   MORRIS  HIGH  SCHOOL,  NEW  YORK  CITY 

What  does  secondar>'  biolog>'  amount  to?  We  hear  this  question 
asked  again  and  again.  Sometimes  it  comes  in  a  parent's  letter  to 
a  newspaper,  denouncing  the  teacher  who  asked  his  little  daughter 
to  discover  how  many  times  a  locust  breathes  in  a  minute.  Some- 
times a  discouraged  young  teacher,  fresh  from  college,  asks  the 
question,  when  she  finds  that  the  facts  she  has  been  cramming  into 
her  pupils*  reluctant  brains  are  returned  to  her,  if  at  all,  in  a  hardly 
recognizable  condition.  Many  college  professors  tell  us  frankly 
that  most  high  school  biology  courses  amount  to  nothing. 

To  the  parent,  we  say,  **  Wait  until  the  year  is  over  before  you 
judge."  The  young  teacher  and  college  professor  are  in  no  posi- 
tion to  understand  the  limitations  of  the  immature  minds  we  are 
teaching,  and  she,  in  her  lessons,  and  he,  in  his  entrance  exami- 
nation, have  demanded  the  impossible. 

WHien  the  question  is  asked,  however,  by  our  own  principals,  who 
have  been  studying  these  children  for  years,  it  is  another  matter. 
We  acknowledge  that  biology  does  not  yet  mean  as  much  as  we  hope 
it  will  in  years  to  come,  but  we  fully  believe  that  if  secondary 
biology  is  not  amounting  to  more  for  our  pupils  than  any  other 
single  subject,  the  trouble  is  not  with  biology. 

If  teachers  without  training,  or  with  heavy  programs  including 
a  variety  of  subjects,  are  obliged  to  undertake  the  work,  the  meas- 
ure of  success  will  be  limited.  Again,  the  fault  may  lie  with  the 
teacher,  for  one  thing  is  certain :  no  class  in  biology  will  get  much 
out  of  a  course,  if  their  teacher  has  not  put  much  of  himself  into 
it.  "  Research  work  is  my  joy.  I  teach  to  earn  my  bread  and 
butter,"  is  an  unpardonable  position  for  a  high  school  teacher  to 
take.  If  any  of  us  are  guilty  of  that,  our  principals  may  be  ex- 
pected to  notice  lack  of  enthusiasm  in  our  pupils. 

The  pioneer  character  of  our  work  is  chiefly  responsible  for  the 
results  of  which  certain  principals  complain.  Fifteen  years  ago, 
biology  had  but  a  small  place  on  our  high  school  curriculum.  In 
spite  of  what  science  is  doing  for  us  as  a  nation,  we  were  far  be- 
hind some  European  countries  in  the  feeling  that  every  one  should 
understand  the  rudiments  of  science.  A  glance  at  the  accompanying 
table,  showing  the  amount  of  science  required  in  classical  courses 
in  one  of  the  best  Swiss  and  one  of  the  best  American  schools  in 
/<^/,  will  show  the  relative  prominence  lo  years  ago.  In  many 
schools  the  same  contrast  still  remains. 
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We  have  been  doing  pioneer  work  and  yet  we  have  been  expected 
to  be  as  successful  as  teachers  of  Latin,  Greek  and  mathematics. 

Our  first  problem  was  to  decide  what  we  wanted  our  biology 
teaching  to  amount  to  —  what  we  were  aiming  at. 

To  choose  the  right  aim,  we  are  obliged,  in  common  with  all 
teachers,  to  study  our  individual  pupils  and  learn  their  limitations. 
As  biology  teachers,  we  must  give  esi)ecial  attention  to  their  environ- 
ment, that  we  may  select  for  study  the  **  best  things  in  nature  *'  for 
them  to  learn,  in  order  to  make  "  their  lives  most  worth  the  living," 
as  Dr  Hodge  has  so  aptly  descriljed  the  aim  in  nature  study. 

We  had  to  try  experiments,  and  I  must  briefly  review  our  at- 
tempts, for  some  schools  are  still  following  the  first  paths,  which 
nearly  all  of  us  abandoned  when  most  of  the  biology  work  was 
transferred  to  the  pupils  of  the  first  year,  even  though  we  are  still 
obliged  to  follow  them  a  little  more  than  seems  wise,  sometimes, 
in  our  elective  courses. 

To  give  instruction  in  the  science  of  biologv'  from  the  standpoint 
of  evolution  was  the  first  aim.  It  was  a  logical  course  for  ideal 
pupils,  in  which  a  series  of  typical  plants  or  animals  were  dissected, 
drawn,  labeled  and  discussed  —  if  time  permitted.-  Necessarily 
many  entirely  unfamiliar  specimens  preserved  in  alcohol  or  other 
evil  smelling  preservative,  had  to  be  studied.  This  dissection  of 
preserved  material  Principal  Russell  of  the  Worcester  Normal 
School  has  characterized  as  "  canned  biology."  The  logical,  evolu- 
tionary order  of  presentation  still  prevails  in  our  second  or  elective 
course  in  zoology'  or  botany,  but  at  the  present  time  we  have  little 
**  canned  biology  "  even  there.  For  our  first  year  course,  the  definite 
attem])t  to  teach  evolution  has  been  practically  abandoned.  Any 
one  who  attempts  to  condense  such  a  course  into  one  third  of  a 
year  and  to  adapt  it  to  pupils  of  fourteen  is  attcmi}|ting  the  im- 
possible. 

A  second  aim,  mental  training  in  accuracy  of  observation  and 
expression,  has  been  and  always  nuist  be  one  of  the  chief  aims  in 
biology,  as  in  all  study  of  science.  The  objects  selected  to  give  this 
training  have  changed  from  time  to  time. 

At  first,  much  microscopic  study  was  required,  if  we  were  fortu- 
nate enough  to  i)()ssess  microscopes.  Our  ])U])ils  drew  our  beautiful 
.sections  and  ])crhaps  lined  them  in  with  ink  and  carefully  labeled 
llieni  with  technical  terms.  This  retiuired  time  and  patience  and 
^••ave  a  certain  dexterity  to  the  fingers. 
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Soon  most  of  us  felt  that  the  ^ood  results  were  too  little,  ami  that 
all  the  training  in  exact  observation  and  description,  for  which  it 
was  to  be  advocated,  might  be  gained  with  much  less  expenditure 
of  time,  eyes  and  interest,  from  the  observation  of  larger  objects, 
having  a  more  human  value ;  for  example,  flowers  and  insects  —  yes. 
even  the  locust  of  newspaj)er  fame.  The  scientific  vocabulary  we 
find  it  necessary  to  teach  has  also  been  gradually  lessened,  for  we 
realize  from  our  own  experience,  that  in  three  or  four  years,  when 
the  boy  goes  to  college,  if  he  ever  does,  much  of  it  will  be  out  of 
date  and  common  English  generally  does  just  as  well.  When  the 
child  feels  the  need  of  a  word  to  stand  for  a  new  idea,  we  give  it 
to  him,  and  he  is  grateful  and  generally  remembers  it. 

We  used  to  do  much  dissection  at  first,  but  there  has  been  a 
marked  decrease  of  that  done  by  the  pupil  in  class  except  in  elective 
courses.  In  fact,  in  a  first  year  class,  there  is  practically  no  time 
for  it.  The  beauty  of  fresh  animal  tissue  is  so  great,  however,  that 
the  pupils  ought  to  see  at  least  one  dissection  under  perfect  condi- 
tions. A  mussy,  half  dried  dissection  of  an  animal  is  a  crime 
against  children,  for  which  there  can  be  no  excuse.  Better  one 
frog  for  four  or  five  pupils,  freshly  killed,  pinned  out  on  weighted 
cork  and  covered  with  water,  than  one  for  each  individual,  not  pre- 
pared as  well  as  possible.  The  surprised  pleasure  with  which  one 
girl  looked  up  from  such  a  dissection,  exclaiming,  *'  Oh,  aren*t  the 
colors  beautiful?"  quite  paid  for  the  trouble  of  preparation,  and 
demonstrated  the  fact  that  a  dissection  is  not  necessarly  distasteful 
to  girls.  In  the  human  anatomy  which  follows  the  animal  work, 
constant  reference  should  be  made  to  the  frog  dissection,  if  that 
is  the  animal  chosen,  and  the  educational  value  of  the  dissection 
will  soon  be  demonstrated. 

In  place  of  the  study  of  the  anatomy  of  lifeless  forms,  the  living 
plants  and  animals  are  now  the  objects  of  study  whenever  possible, 
and  not  only  their  structure  but  their  activity  is  observed.  In  fact, 
physiology  is  emphasized  throughout  the  course.  Biology  in  the 
high  school  is  becoming  the  study  of  life,  not  death. 

Though  discii)line  can  not  be  the  sole  aim  in  our  first  year  course, 
it  certainly  is  a  very  im|x^rtant  part  of  it,  and  we  shall  make  a  mis- 
take if  we  so  load  the  course  that  we  do  not  have  time  to  insist 
on  the  diagrams  and  descrij)tions  which  we  do  require,  being  well 
and  carefully  done.  There  is  more  training  in  one  exercise  w^ell 
done  than  a  dozen  hasty  ones,  though  of  course  hasty  sketches  may 
be  useful  for  other  reasons. 
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As  a  third  aim,  we  are  coming  to  realize  the  value  of  biology 
as  a  means  of  culture,  i.  e.,  it  should  broaden  the  life  outlook;  it 
should  make  a  little  clearer  to  the  child  his  place  in  the  living  world, 
and  the  mutual  dependence  of  plants  and  animals;  it  should  give 
new  interests  to  our  city  children. 

That  it  will  do  this,  was  clearly  demonstrated  by  what  I  saw  of 
biology  teaching  and  its  results  in  Switzerland,  ten  years  ago.  Lab- 
oratory study  of  type  forms,  to  give  instruction  in  scientific  facts 
and  for  training,  was  then  the  approved  method  in  our  American 
schools,  and  a  textbook  was  rarely  used  at  all  —  in  fact  a  good  one 
for  high  school  pupils  did  not  exist.  I  happened  to  board  for  five  or 
six  months  in  a  pension  in  Zurich,  Switzerland,  where  nearly  all  the 
boarders  were  Swiss  or  German  boys,  studying  to  become  chemists, 
engineers,  doctors,  etc.,  in  the  University  and  poly  technical  School. 
As  it  happened,  we  two  American  women  were  the  only  people  in 
the  house  who  were  specializing  in  biology.  I  was  increasingly 
amazed  as  time  went  on,  at  the  general  interest  the  boys  had  in  the 
subject  and  their  broad  knowledge  of  plant  and  animal  forms.  I 
realized  that  the  ordinary  college  graduate  in  America  had  no  such 
interest,  while  our  high  school  graduates  from  classical  courses, 
similar  to  those  these  boys  had  had,  knew  nothing  at  all  about 
biology.  Finally,  I  determined  to  find  out,  if  I  could,  how  this 
result  had  been  brought  about.  Visiting  schools  is  not  common 
abroad,  but  through  the  personal  letters  of  Professor  Lang  and  Pro- 
fessor Dodel,  I  gained  permission  to  visit  classes  in  five  of  the  best 
Swiss  schools.  In  one  city  I  was  refused  admittance  to  one  school, 
even  with  this  introduction,  the  principal  writing  that  visitors  were 
always  a  disturbance  and  that  no  women  had  ever  visited  his  school 
and  he  did  not  intend  to  introduce  the  innovation.  My  reception  in 
the  other  Swiss  schools  was  most  cordial  and  I  was  given  every  op- 
ix)rtunity  to  study  their  methods.  In  the  forty  recitations  I  was  able 
to  hear,  I  saw  biology  for  culture  at  its  best.  The  textbooks  were 
well  printed,  with  good  diagrams  and  a  marked  absence  of  technical 
terms,  there  were  excellent  charts,  fresh  specimens  for  class  use, 
finely  prepared  and  mounted  dissections  in  the  school  museums, 
and  the  school  garden  was  universal.  The  teachers  were  men  with 
broad  university  training.  The  pupils  had  learned  their  lessons  and 
were  very  proud  of  their  notebooks.  Few  American  teachers  whom 
I  have  visited  are  able  to  get  an  equal  amount  of  work  out  of  their 
pupils  with  so  little  apparent  effort.     I  soon  saw  why  my  boarding 
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house  acquaintances  had  such  an  interest  in  the  subject.  I  have 
no  doubt  that  the  all  day  excursions  with  the  teachers,  which  are 
a  school  feature  from  childhood  up,  have  much  to  do  with  the  suc- 
cessful classroom  work. 

Biology  for  culture  has  now  won  a  place  as  one  of  our  aims 
in  our  first  year  work.  We  choose  the  objects  for  classroom 
study  with  this  in  mind,  and  the  fine  textbooks  and  nature  books, 
which  are  appearing  constantly,  are  making  it  more  and  more 
possible  for  it  to  be  continued  by  the  pupil  after  he  leaves 
school.  If  we  can  give  our  pupils  new  and  healthy  interests  for 
their  leisure  time,  we  are  performing  a  much  needed  service.  A 
friend  recently  overheard  this  remark  from  a  genial,  honest-looking 
traveling  salesman,  "  Well,  if  a  fellow  doesn't  drink  and  smoke  and 
go  out,  life  isn't  worth  living.  There  is  nothing  to  do.''  Lectures 
and  museums  might  form  a  variation  from  the  theater  and  saloon 
for  evening  amusement,  if  there  was  a  little  interest  there  to  attract 
at  the  start.  Most  city  men  will  say,  "  I  hate  the  country.  There 
is  nothing  to  do  there."  Every  time  we  get  our  classes  into  the 
fields  and  parks,  we  are  making  them  a  little  more  at  home  there. 
Those  are  the  red-letter  days  in  biology  and  the  ones  that  count  for 
more  in  the  lives  of  the  pupils  than  weeks  of  paper  correction,  for 
they  are  giving  them  a  new  interest.  Even  if  our  pupils  have  been 
in  the  habit  of  going  into  the  country,  it  now  means  more  to  them, 
as  the  casual  remark  of  one  matter-of-fact  youngster,  not  especially 
distinguished  for  his  scholarship  —  just  an  average  boy  —  indicates. 
He  was  examining  some  leaf  in  the  vivarium  at  recess  and  re- 
marked, "  Queer,  isn't  it,  what  a  diflFerence  this  biology  makes  in 
the  way  you  look  at  things.  When  I  went  to  walk,  I  used  to  see 
just  trees  and  things,  and  now  I  wonder  what  is  going  on  inside." 
One  boy  who  had  been  hard  to  manage  got  greatly  interested  in  his 
home  work  in  germination  and  begged  more  seeds.  He  proudly 
brought  in  a  bunch  of  radishes  which  he  had  grown.  Another  boy 
and  his  mother  got  interested  in  the  pea  seedlings  and  grew  them 
in  their  tenement  until  the  pods  formed.  When  the  pea  blossom 
was  studied,  he  announced  that  cross-ix>llination  wasn't  necessary. 
"  I  got  some  peas  on  my  seedlings  and  there  are  no  insects  in  my 
house  to  cross-pollinate."  Forestry  protection  orations  and  debates 
in  the  upper  classes  demonstrate  that  the  interest  in  trees  has  not 
died  out  with  the  completion  of  the  biology  course.  All  these 
interests  tend  for  better  citizenship. 
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A  fourth  aim  was  added  when  biology*  of  the  first  year  was  made 
to  inchule  the  mandatory  human  physiology.  To  teachers  who  were 
still  clinging  to  the  biology  teaching  for  science  instruction  along 
evolutionary  lines,  this  seemed  a  great  catastrophe.  *"  Three  distinct 
courses,"  they  said,  **  botany,  zoolog}-,  and  human  physiolog>', —  all 
in  one  year  and  with  first  year  pupils.  Impossible ! "  With 
physiology  as  the  thread  running  through  the  year,  this  easily 
becomes  the  climax  for  which  all  the  work  of  the  year  has  been 
preparing.  It  is  easily  seen  that  an  increased  interest  in  outdoor 
life  will  improve  the  pupil  physically  and  morally,  but  what  con- 
nection is  there  between  the  study  of  a  few  plant  and  animal  forms 
and  the  physical  and  moral  health  of  the  child? 

If  we  have  studied  living  plants  and  animals  and  emphasized 
physiology  throughout  the  course  by  experiment  and  field  work,  the 
boy  has  learned  to  regard  plants  and  animals  as  living  machines. 
He  has  seen  the  same  processes  repeated  again  and  again  with  some 
variation  in  the  structure  of  the  organs  employed.  The  necessity  of 
proper  food  and  air,  and  of  adaptation  to  environment  has  been 
seen  in  each  case.  When  he  begins  the  study  of  his  own  lK)dy,  he 
soon  begins  to  realize  that  he  is  simply  a  more  delicately  constructed 
animal,  which  depends  for  defence  on  his  more  intricate  nervous 
system.  If  he  chooses  a  city  environment,  then  he  must  pay  the 
penalty  by  using  his  brains  to  make  his  surroundings  as  nearly 
normal  as  possible.  As  he  is  subject  to  the  same  laws  of  nature  as 
other  animals,  rules  of  hygiene  arc  no  longer  to  be  regarded  as 
lessons  in  ethics,  but  common  sense  deductions  from  his  study  of 
nature.  Problems  of  sanitation  and  personal  and  city  hygiene 
now  interest  him  and  that  the  interest  is  not  confined  to  the  class- 
room, the  numerous  newspaper  cuttings  and  magazine  articles  which 
he  brings  in,  bear  witness. 

Since  the  attempt  to  teach  first  year  biology  from  a  strictly 
scientific  or  evolutionary  standixiint  has  been  abandoned,  we  may 
be  said  to  have  thus  far  developed  a  threefold  aim,  (i)  to  give 
mental  discipline,  (2)  to  broaden  the  child's  horizon  and  give  hijii 
new  interests  so  that  he  may  develo])  into  a  happier  man  and  more 
useful  citizen,  and  (3)  to  make  him  a  little  better  able  to  intelli- 
gently care  for  his  own  body  in  the  environment  where  he  must 
live  and  work. 

Tills  is  a  tremendous  undertaking.  IIow  shall  we  best  employ 
the  time  we  have  with  our  pupils  each  day?  IIow  can  we  help  them 
most  without  doing  their  work  for  them?    The  laboratory  manual 
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was  supposed  to  have  solved  the  latter  difficulty  by  making  the  child 
an  independent  investigator,  but  it  certainly  has  its  disadvantages, 
for  the  class  will  work  unevenly,  wrong  conclusions  will  be  drawn, 
unimportant  points  emphasized  and  the  most  important  ones  lost 
sight  of,  or  never  reached  at  all  by  some  of  the  pupils.  If  it  is 
used,  the  exercises  set  must  be  very  short  and  plenty  of  time  be  left 
for  discussion  with  the  teacher.  Teaching  chiefly  by  use  of  a 
manual  tends  to  become  mechanical  and  nothing  must  come  between 
the  pupil  and  the  teacher.  If  1  try  to  teach  your  lesson  in  your 
way  to  my  class,  I  shall  surely  make  a  failure  of  it.  It  will  be  very 
hard  for  a  teacher  to  find  a  manual  which  exactly  fits  both  him  and 
his  class.  This  is  probably  the  reason  why  so  many  fine  manuals 
are  being  published.  Each  experienced  teacher,  while  he  admires 
many  points  in  the  other  manuals,  finds  that  they  do  not  quite  suit 
his  case,  and  so  publishes  his  own  lesson  plans.  Before  the  book  is 
really  in  the  market,  he  would  probably  like  to  write  it  over.  These 
laboratory  manuals  are,  however,  of  the  greatest  service  to  the 
teacher  in  home  preparation,  especially  if  he  has  had  little  ex- 
perience. It  is  like  visiting  another  teacher's  class.  We  must,  each 
of  us,  getting  all  the  help  we  can,  prepare  our  own  lesson  plans, 
that  we  may  be  quite  in  the  spirit  of  them.  Those  of  you  who  have 
read  The  Lightning  Conductor  will  remember  how  he  studied  his 
guidebooks  by  night,  so  that  he  might  take  his  fair  charge  over  the 
best  roads  the  next  day,  with  the  greatest  pleasure  and  profit.  She 
never  suspected,  you  know,  how  he  always  managed  to  find  the  best 
view  and  discover  the  most  interesting  things,  not  realizing  how 
much  he  had  done  in  preparation. 

We  feel  that  we  understand  a  little  better  than  we  did  fifteen 
years  ago,  what  biology  ought  to  do  for  our  pupils,  but  we  would 
ask  our  critics  not  to  judge  our  results  by  statistics  alone.  Our 
school  authorities  in  New  York  city  were  wise  in  exempting  first 
year  biology  from  examination  for  graduation.  You  may  ttst  the 
facts  a  boy  has  learned  and  his  manner  of  expressing  them  by  a 
written  examination,  but  how  can  you  discover  how  much  better 
physically  and  morally  he  may  be  as  a  result  of  the  course?  He 
may  get  lOO  per  cent  on  the  scientific  facts  of  the  syllabus  and 
make  an  exquisite  diagram  and  yet  not  have  gained  as  much  as  a 
boy  who  failed  to  get  an  average  of  over  60  per  cent. 

For  those  of  us  who  are  working  on  this  problem,  and  are  some- 
times discouraged  because  of  our  inability  to  accomplish  our  ideal, 
I  will  give  in  closing,  with  his  permission,  Dr  Cuthbcrt  Hall's  esti- 
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mate  of  his  twenty  years'  pastorate  in  Brooklyn.  He  addressed 
recently  a  congregSLi'um  whose  young  missionary-  pastor  he  had  vis- 
ited in  India.  He  urged  them  not  to  estimate  their  pastor's  work 
by  statistics,  declaring  that  they  would  be  most  unjust  if  they  did, 
as  he  was  hard  at  work  studying  his  people  and  their  conditions. 
He  was  finding  out  what  he  was  to  mean  to  them.  He  was  learning 
how  to  fit  himself  to  their  needs.  Referring  to  his  own  pastorate, 
he  remarked  that  the  first  ten  years  were  spent  in  learning  the  needs 
of  his  per>ple  and  his  own  powers,  the  next  five  years  began  to  show 
results,  but  only  in  the  last  five  did  he  accomplish  anything  really 
satisfactory. 
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801CE  BT-PRODVOTS  OF  BIOLOOT  TEACHINO 

BY  BENJAMIN   C.   GRUENBERG,  DE  WITT  CLINTON   HIGH  SCHOOL,   NEW 

YORK   CITY 

In  the  manufacture  of  illuminating  gas  by  distillation  from  coal, 
there  is  left  a  sticky,  tarlike  mass  that  was  for  years  a  source  of 
annoyance  to  the  manufacturers  of  gas,  and  to  the  neighbors  of 
the  manufacturers.  It  was  a  waste  product  that  was  not  only  of 
no  value,  but  a  perfect  nuisance,  since  it  had  to  be  removed  from 
the  gas  stills  and  disposed  of  in  some  way.  It  was  thrown  into 
the  streams;  which  killed  the  fish  and  aroused  the  angry  protests 
of  the  farmers;  it  cost  so  much  to  handle  the  stuff  that  it  was  a 
heavy  charge  on  the  manufacture  of  gas,  but  it  was  impossible  to 
make  gas  without  producing  considerable  quantities  of  it.  This 
nuisance  remained  unabated  until  an  experimenting  chemist  hit 
upon  a  method  of  using  the  nasty  stuff  for  making  certain  brilliant 
coloring  matters,  which  are  now  used  by  the  ton  for  dyeing  ladies' 
dresses  and  chromosomes.  I  don't  know  whether  the  price  of  gas 
to  the  consumer  has  gone  down  on  that  account,  but  it  would  seem 
that  if  for  some  reason  it  should  no  longer  be  worth  while  to  manu- 
facture gas  for  lighting  and  heating  purposes,  it  might  still  be  worth 
while  to  make  the  gas  and  blow  it  off  into  the  air,  just  for  getting 
the  coke,  the  ammonia  and  the  coal-tar,  the  by-products  of  this 
process.  I  am  not  prepared  to  quote  the  exact  figures,  but  at  the 
present  time  the  substances  prepared  from  coal-tar  exceed  in  actual 
value  that  of  the  gas  for  which  the  coal  was  primarily  distilled,  by 
some  hundreds  of  per  cent. 

Many  modern  industries  are  founded  upon  the  by-products  of 
other  industries.  We  are  so  economical  that  not  a  scrap  of  material 
is  wasted  in  the  working  up  of  cattle  to  make  canned  beef,  glue, 
soap,  glycerine,  oleomargarine,  sausage  casing,  fertilizer,  shawl 
straps  and  I  don't  know  what  else;  the  total  value  of  these  by- 
products of  the  canning  industry  may  or  may  not  exceed  the  value 
of  the  net  meat,  but  they  are  certainly  worth  saving.  If  they  were 
not  saved  and  utilized,  it  would  mean  smaller  profits  for  those  en- 
gaged in  the  business,  or  dearer  meat  for  the  rest  of  us,  or  both. 
If  we  should  all  stop  eating  meat,  it  might  conceivably  be  still 
worth  while  to  slaughter  cattle  for  the  other  products,  the  by-pro- 
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ducts.  My  point  here  is  simply  that  in  the  industries  the  by- 
products, or  the  potential  by-products,  may  not  be  profitably 
neglected. 

In  the  business  of  teaching,  much  doubt  has  been  cast  upon  the 
actual  value  of  the  product,  from  time  to  time.  There  are  men 
and  women  by  no  means  stupid  who  question  not  only  the  value  of 
college  and  high  school  education,  but  even  that  of  the  bulk  of  our 
elementary  school  education.  There  is  great  uncertainty  in  the 
minds  of  the  public,  and  in  the  minds  of  many  teachers  too,  as  to 
the  real  worth  to  the  children  of  the  results  of  the  various  efforts 
comprised  umler  the  name  of  teaching.  We  hear  a  great  deal 
alx)Ut  the  three  R's,  and  fads  and  frills,  about  preparation  for  life, 
and  culture,  and  training  for  efficiency.  And  the  only  reason  that 
any  one  of  us  who  takes  the  trouble  to  speak  up  may  get  a  hearing 
is,  that  we  are  all  at  sea,  teachers  as  well  as  taught,  and  the  parents 
of  the  taught.  It  may  well  be  that  the  process  has  not  been  con- 
ducted economically,  all  things  considered,  that  some  of  the  possi- 
bilities have  been  neglected.     We  must  look  to  the  by-products. 

When  I  speak  of  the  by-products  of  teaching  I  do  not  mean  the 
small  graft  in  the  way  of  sample  copies  of  new  books,  or  free  tickets 
to  an  occasional  lecture;  nor  do  I  mean  the  money  you  can  make 
on  the  side  because  you  have  more  leisure  than  the  bricklayer ; 
nor  do  I  mean  the  glow  of  satisfaction  that  you  feel  when  the 
minister  speaks  of  consecrated  lives,  nor  the  gratification  yielded 
by  an  ai)preciative  word  from  a  former  pupil.  1  have  in  mind 
solely  the  value  of  the  product  and  of  the  by-product  of  the  pupil, 
that  is,  to  the  taxpayer,  the  citizen,  the  laity.  While  personally  I 
l>elieve  that  the  value  of  work  should  be  considered  as  much  for  the 
satisfaction  of  the  worker  as  for  the  yielding  of  various  utilizable 
])r()(lucts  for  others,  I  also  believe  that  at  the  present  time  we  are 
not  in  a  p(3sition  to  consider  any  more  than  the  latter  aspect  of  our' 
work. 

Now  in  the  case  of  biology  teaching  there  is  as  great  dissatisfac- 
tion as  in  any  other  line.  One  principal  complains  that  we  do  not 
give  enough  information,  ami  in  the  reaction  against  informational 
teaching  many  of  us  have  no  doubt  gone  too  far  in  the  direction  of 
eliminating  information.  The  business  man  concedes  that  the  in- 
formation that  we  do  give  is  curious  enough,  but  he  does  not  see 
what  its  value  is ;  and  we  must  admit  that  it  seldom  ha])pens  that  a 
Inisiness  man  is  heli)ed  in  urging  people  to  buy  goods  by  knowing 
that  insects  have  three  pairs  of  legs  while  spiders  have  four.    The 
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gentlemen  and  ladies  complain  that  the  information  about  frogs 
and  horse-chestnut  twigs  may  be  interesting,  but  does  not  give  cul- 
ture, and  a  particular  lady  tells  me  that  while  her  Eddy  is  just 
crazy  to  be  outdoors  and  study  flowers  and  bugs,  he  is  very  awk- 
ward in  company  and  is  unable  to  converse  on  literary  and  other 
genteel  topics.  And  again  other  parents  complain  that  while  their 
children  got  along  very  well  in  the  grammar  school,  and  with  all 
their  teachers,  they  can  not  make  anything  out  of  high  school 
biology.  And  so  from  every  possible  point  of  view  the  results  of 
biolog}'  teaching  are  not  satisfactory,  with  the  possible  exception  of 
the  practical  applications  that  may  be  made  of  the  results  of 
physiolog}'  to  personal  hygiene. 

Apart  from  information,  the  only  important  product  that  seems 
to  be  generally  advertised  is  a  certain  training  or  development  that 
is  supposed  to  result  from  the  exercise  of  the  so  called  mental 
faculties,  like  observation,  memory,  reason  and  so  on.  But  the 
psycJiologists,  especially  those  that  know  the  most  biology,  are 
telling  us,  have  been  telling  us  for  many  years,  that  the  faculty 
psychology  is  all  wTong,  and  that  you  can  not  strengthen  the  "  facul- 
ties "  by  exercise  the  way  you  can  the  muscles ;  and  our  ow' n  obser- 
vation may  tell  us  that  the  pupils  do  not  show  greater  ability  in  the 
use  of  these  faculties  because  of  their  scientific  training,  except  in 
connection  with  the  materials  and  ideas  they  have  actually  dealt 
with  in  their  studies.  We  are  forced  therefore,  I  think,  to  find 
some  other  justification  for  a  continuance  of  our  teaching,  and  I 
would  direct  attention  to  the  by-products. 

But  when  I  speak  of  the  by-i)roducts  of  this  process  I  do  not 
wish  to  imply  at  all  that  our  primary  prcxluct  is  of  no  value,  or  of 
minor  or  secondary  value,  though  it  may  well  be;  I  emphasize  the 
by-products  because  we  are  in  no  agreement  as  to  the  primary  pro- 
duct. What  seems  essential  to  one  seems  secondary  to  others. 
Under  the  circumstances  it  is  necessary  to  catalogue  the  total 
product  and  then  determine,  each  for  himself,  wdiich  he  will  con- 
sider the  staples  and  which  the  frills,  or  which  the  main  objects 
of  his  teaching  and  which  the  secondary  objects.  It  must  happen 
in  any  such  cataloguing  that  the  coordinate  terms  will  be  of  very 
unequal  value. 

The  first  and  traditional  result  of  the  educative  process  is  knowd- 
edge.  In  the  teaching  of  biology  for  information,  there  are  a  few 
groups  of  ideas,  with  their  related  ideals,  that  are  of  preeminent 
value. 
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In  the  teaching  of  physiology,  whether  plant  or  animal,  a  knowl- 
C'Jgc  of  the  funriamenul  pnxei-es  and  con^Iition-  of  life  in  general 
nhouW  be  a  major  end.  The  knowledge  of  structure  should  be 
ma^Ic  5uf^idiar>',  and  in  the  study  of  structure  the  emphasis  should 
]jt  f/n  the  degree  of  ariaptation  to  function.  If  in  the  study  of 
a/Iaptation  of  organs  the  pupil  can  be  made  to  feel  that  true  worth 
is  a  function  of  efficiency,  and  that  efficiency  is  a  matter  of  adapt- 
ation to  some  purpose,  there  will  have  been  established  an  ideal 
that  is  nr/t  biology :  it  is  essentially  ethics.  I  am  not  confusing  effi- 
ciency with  an  ideal  of  efficienc}';  efficiency*  is  a  Intimate  end  of 
education,  but  I  do  not  think  we  shall  attain  to  the  highest  effi- 
ciency of  anything  but  machines  without  this  ideal;  and  the  only 
study  that  can  teach  it  adequately  to  pupils  of  the  early  high  school 
pcrifxl  is,  I  believe,  biology.  But  this  result,  though  only  a  by- 
product, may  not  Ixj  neglected. 

In  tlie  teaching  of  physiology  there  should  be  developed  the  idea 
of  rlivision  of  labor,  and  that  of  the  correlation  of  functions.  For 
example,  I  have  found  it  worth  while  to  get  first  year  pupils  to 
analyze  a  factory  in  their  minds,  to  discover  what  the  essential 
elements  in  such  an  establishment  are.  After  the  analysis  is  suffi- 
ciently complete,  I  ask  them  to  tell  me  which  is  the  most  important 
factor  or  part  of  the  plant.  On  the  first  impulses,  many  different 
details  are  mentioned  by  different  pupils,  but  each  suggestion  is 
naturally  met  with  objections  from  the  others.  1  give  them  time 
to  talk  it  out,  and  without  any  help  beyond  that  of  keeping  them 
(•onfine<l  to  the  problem,  they  finally  come  to  an  agreement  on  tlie 
ground  that  where  each  part  is  essential  every  part  is  equally  indis- 
jM-nsable  and  therefore  equally  important.  The  results  of  this 
analysis  are  then  applied  directly  to  organs  or  organisms  under  dis- 
cussion. Witliout  ignoring  diflfcrences  in  the  relative  magnitude 
or  cost  or  intricacy  of  the  several  processes  or  factors,  the  pupils 
can  i^vi  a  very  gcKxl  idea  of  interdc^>cndence,  of  equality  through 
dilTcrenfe;  and  this  idea  generalized  is  of  great  value  in  getting 
an  orj^anii*  concept  of  society  as  against  the  prevailing  architectural 
ronci'pl.  This  is  not  biology,  but  it  is  a  by-product  whose  value  is 
no!  to  1)0  overlooked. 

In  the  teaching  of  ecology  there  should  be  developed  the  idea 
that  in  addition  to  the  <lependence  of  living  things  upon  certain 
factors  of  the  environment,  there  is  also  constantly  a  struggle 
a^janist  certain  factors  of  the  environment.  The  pupil  should 
luidcrsland  clearly  that  the  struggle  is  against  inorganic  factors  and 
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against  organic  factors;  and  here  again  the  relations  between  merit 
and  fitness  should  be  emphasized.  The  study  of  the  relations  of 
plants  and  animals  to  their  environments  and  to  each  other  should 
be  supplemented  by  the  study  of  the  relations  of  plants  and  animals 
to  man.  And  in  this  connection  the  emphasis  should  be  not  on 
man  the  merchant,  buying  and  selling,  doing  business,  but  on  man 
the  living  creature  that  loves  to  live,  without  regard  to  buying  and 
selling.  In  the  larger  cities  especially  does  it  seem  to  me  very  im- 
portant to  fight  the  prevailing  commercial  evaluation  of  the  things 
of  nature.  The  economic  importance  of  plants  and  animals  is  men- 
tioned in  many  of  our  textbooks  and  taught  by  many  of  our  teach- 
ers. But  too  many  of  our  teachers,  in  the  textbook  and  out,  too 
many  of  our  pupils  and  too  many  of  our  leading  citizens  see  in 
**  economic  importance "  simply  another  term  for  **  commercial 
availability."  What  is  the  economic  importance  of  the  Crustacea? 
a  teacher  will  ask,  and  be  satisfied  if  the  pupil  remembers  that  the 
lobster  industry  amounts  to  so  many  million  dollars,  whereas  the 
shrimps  are  not  so  important  because  —  they  are  eaten  only  by 
Frenchmen.  It  is  true  that  the  human  importance  of  lobsters  and 
that  of  shrimps  are  approximately  in  a  ratio  that  may  be  expressed 
in  terms  of  the  commerce  in  these  commodities;  but  it  is  not  true 
in  general  that  the  economic  importance  of  any  factor  of  our  en- 
vironment is  commensurable  with  its  commercial  value.  For  ex- 
ample, we  teach  a  great  deal  about  the  importance  of  respiration  in 
the  life  of  an  organism,  but  it  does  not  occur  to  us  to  speak  of  the 
economic  importance  of  the  atmosphere.  Yet  that  is  just  what 
we  should  do,  and  we  should  place  all  economic  references  upon 
precisely  the  same  basis,  namely,  the  relation  to  human  life  and 
welfare.  It  is  obvious  that  some  of  the  most  important  things  in 
human  life  and  welfare  have  not  yet  been  commercialized,  and  that 
the  commercial  test  is  as  far  removed  from  the  human  test  as  any 
well  can  be.  Whatever,  then,  the  pupils  may  forget  of  strophioles 
or  echinoderms  or  centrosomes ;  whatever  they  may  remember  of 
angiosperms  or  parenchyma  or  trochanthers,  of  this  I  believe  they 
can  never  know  too  much  or  too  intimately  —  the  intricate  relations 
that  exist  between  the  life  of  man  and  the  lives  of  other  organisms: 
not  in  the  way  of  the  sentimentalist  wdio  will  go  without  a  drink 
to  spare  the  protozoa  in  the  water,  but  in  the  way  of  the  master 
who  consciously  chooses,  as  a  gardener,  what  he  shall  retain  and 
what  reject.  This  is  not  biology,  it  is  economics  —  the  economics 
of  human  happiness. 
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But  in  this  emphasis  on  the  human  side  of  our  subject  lies  a 
danger  which  it  is  the  duty  of  the  biolog}'  teacher  to  anticipate  and 
to  overcome,  for  nowhere  else  will  the  high  school  pupil  have  a 
better  chance  to  meet  it.  1  refer  to  the  prevalence  of  the  anthro- 
ixjcentric  superstition.  Ever>'  child  brings  this  with  him  to  school ; 
some  have  lost  a  little  of  it  and  some  have  lost  more,  but  probably 
no  first  year  high  school  pupil  comes  entirely  free  of  it.  How 
many  pupils  leave  the  high  school  entirely  emancipated  from  it? 
While  I  would  constantly  emphasize  the  human  possibilities  in  all 
the  material  and  ideas  utilized  in  the  course,  I  would  just  as  con- 
stantly knock,  knock,  knock  against  the  notion  that  these  usable 
and  these  undesirable  things  exist  because  of  man.  In  the  teaching 
of  plant  and  animal  physiology  there  is  always  opportunity  to  con- 
trast the  function  of  an  organ  from  the  point  of  view  of  the  organ- 
ism, with  the  use  of  the  organ  or  organism  from  the  point  of  view 
of  man.  To  learn  that  the  progress  and  welfare,  yes,  the  very 
existence  of  man  in  the  midst  of  his  various  needs  and  of  the 
various  obstacles  to  his  satisfying  his  needs,  are  not  the  results  of  a 
world  having  been  made  for  him  to  suit  him,  but  are  the  results 
of  man's  own  knowing  and  doing;  to  learn  that  man's  mastery  of 
his  environment  comes  only  through  perpetual  striving  in  thought 
and  in  action,  is  to  learn  something  of  which  we  can  not  afford  to 
leave  any  person  in  ignorance.  Whatever  else  the  pupil  does  or 
does  not  learn  in  school,  I  believe  that  this  one  by-product  is  of 
sufficient  value  to  justify  the  erection  of  the  plant;  and  I  don't 
know  where  the  pupil  can  more  easily  get  the  results  than  in  the 
biology  course.     JUit  this  is  not  biology,  it  is  cosmology. 

( )ne  other  aspect  of  information  that  should  never  be  ignored  is 
the  teaching  of  the  idea  of  evolution,  with  the  implanting  of  the 
related  dynamic  ideals.  And  l)y  evokition  one  need  not  mean  Dar- 
winism, nor  Lamarckism,  nor  any  other  s]>ccial  attempt  to  formu- 
late the  process.  JUit  if  the  pui)il  does  not  get  from  his  high 
school  biology  the  evolutionary  idea  and  the  dynamic  ideal,  he  is 
most  likely  to  go  out  of  school  without  these  things,  for  I  don't 
know  where  else  he  can  get  them.  Certainly  not  from  his  language 
work,  with  its  complex  rules  and  interminable  exceptions;  not  from 
that  series  of  more  or  less  fortunate  catastrophes  that  is  taught  him 
under  the  name  of  history;  not  from  the  adventures  and  romances 
that  coii.siitute  the  bulk  of  his  literature;  only  possibly  from  his 
mat  hematics,  except  for  the  fact  that  the  laws  of  mathematics  are 
.SY>  /thstract  and  so  absolute,  so  relentless,  and  therefore  so  far  re- 
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moved  from  the  apparent  chance  and  irregularity  of  everyday 
affairs,  that  the  piii)il  is  more  likely  to  conclude  that  law  is  some- 
thing that  exists  only  in  the  textbooks  and  in  heaven.  The  idea 
of  order,  the  idea  of  causality,  the  idea  of  unity,  the  idea  of  constant 
change,  and  the  ideal  of  progress,  the  revolt  against  the  doctrine, 
**As  it  was  in  the  beginning,  is  now  and  ever  shall  be,"  in  its  ordi- 
nary static  sense  —  these  things  are  not  biology,  but  a  valuable  asset 
to  every  person,  and  a  possible  by-product  of  biology  teaching. 

Biology  has  borrowed  from  social  science  three  ideas  that  have 
influenced  its  development  profoundly.  The  idea  of  evolution,  the 
idea  of  division  of  labor,  and  the  idea  of  struggle  for  existence  have 
been  thus  borrowed,  with  what  results  we  all  know.  It  is  the  duty 
of  teachers  of  biology  to  return  to  society  these  ideas,  with  the  com- 
pound interest  of  broadened  application  and  fuller,  more  definite 
content. 

If  we  reject  the  faculty  psychology',  as  we  must,  we  need  not 
reject  with  it  whatever  benefits  may  accrue  from  the  formation  of 
useful  habits.  The  method  of  the  laboratory  has  been  lauded  for 
its  remarkable  effects  upon  the  character  of  its  devotees  —  or 
victims  —  and  much  has  no  doubt  been  credited  to  the  laboratory 
that  properly  belongs  elsewhere.  But  I  think  there  can  be  no  ques- 
tion as  to  the  value  of  saying  clearly  and  exactly  what  one  means. 
If  the  laboratory  is  not  the  only  place  where  this  habit  may  be 
acquired,  it  is  for  the  high  school  pupil  the  place  where  he  can  get 
the  greatest  amount  of  practice  in  this  exercise,  and  under  the  most 
valuable  control,  the  control,  that  is,  of  the  objective  limitations  to 
the  thoughts  he  is  trying  to  express.  Indeed,  I  sometimes  think 
that  too  large  a  share  of  our  teaching  time  is  taken  for  doing  the 
work  that  should  be  divided  among  all  the  departments  of  the 
school  and  which,  it  sometimes  seems,  is  most  systematically 
neglected  by  the  English  departments.  The  especial  advantage  of 
doing  language  work  in  connection  with  the  objective  material  is 
generally  recognized.  At  the  same  time  we  may  be  tempted  to 
overestimate  the  im])ortance  of  getting  from  each  pupil  a  complete 
and  accurate  statement  of  what  he  has  seen  or  thought.  While 
we  may  be  sure,  when  the  pupil  makes  such  a  satisfactory  statement, 
that  he  has  seen  that  of  which  he  speaks,  we  may  not  be  sure,  when 
the  pupil  can  neither  describe  nor  draw  nor  model  that  which  he  is 
supposed  to  have  seen,  that  he  does  not  understand  it.  And  this  for 
the  very  simple  reason  that  not  only  does  expression  follow  inv 


;/r'  >^;'>r.  V:t  :*  or.tr,  v''.'f^'-.  *:  i  v^r^.-  re-p^ctf::!  cistancc  Erciy 
''.T^  of  -:•  knvAr  that  in  th^  tfr',r:-  : .  Its.rr.  a  Zjrtizn  lanscagc.  a 
ir'A^^T  :•  r^-i.;.^ '  at  which  one  :•  n'l'm  2S.lt  \'j  'jnier^tan^  a  ralhcr 
I'/Ti;^  ar:<:  '/.Tn^^lfrx  '-rntence.  Aith ou:  'jitir^  aJi'e  : o  f'-jcnrclate  cor- 
r^/^iV  a  rr/K?.  *irr.;/^rr  -/rriter.ce  fr.  the  f  rei^i  t:^*^i:e.  It  may  be  the 
i;irr;'-  /*:*h  '/rr  yy^Al:  he  un'!er-tan-I-  a  ip'eat  'leal  rrore  than  he  is 
khU'  u,  u-'.l.  htA  !hc  'Hfficuhy  of  the  teacher  i-  to  know  when  the 
jmj/ii  touUr stands  Aith'/ut  waiting  until  the  pupil  can  al«o  tdl  what 
|j#r  iifi'^I/rr-tan^!*,  V^-t  if  ac  have  to  wait  for  the  telling,  we  have  a 
hy\frfAu<:i  of  j^n-at  value.  Fiut  this  is  not  bic»l  :•;?>-.  it  is  expression, 
i^rh\>h\r.  or  Iin;(u:-tic.  And  the  expression  learned  in  the  laboratory 
ha*,  the  rtzr*f^^r\\7J'A  advantaj^e  that  it  ofKrrates  under  conditions  that 
l^TfiFit  of  immediate  and  constant  objective  control  as  to  accuracy 
and  aderjuacy, 

I  'AU\  not  sure  that  science  teachinj^^  does,  as  is  often  claimed. 
\ut\\\t:i\t'  a  love  of  truth.  I'ut  I  do  feel  sure  that  science  teaching- 
may  impart  a  keen  realization  that  there  is  a  difference  between 
Inifh  and  ^-rror  wliich  is  quite  independent  of  opinion  or  authorit>-. 
If  may  fn-rhaps  stimulate  in  some  cases  a  languid  self-reliance.  If 
tJM'  t\\\v\Utt\\  flur  puj)!!  is  moved  to  ask  b\'  a  suggestion  from  the 
malarial  with  whirh  he  works  is  promptly  and  satisfactorily 
answ^n-d  by  flu-  teacher,  there  is  great  saving  of  time  for  the 
f''arhrr,  flu-re  i^  great  increase  of  knowledge  for  the  pupil,  and 
I'V/'tylxirly  is  hajijiy,  except  a  few  cranks.  For  the  more  the  pupil 
j;i'ts  information  by  th(!  mere  asking  from  his  teacher,  the  longer 
will  if  fake  liim  Xa  learn  that  the  only  way  the  teacher  found  out 
wa^  by  lo<»l<iiig  at  the  material  himself  or  by  reading  what  some 
oflirr  looker  liarl  written;  the  longer  will  it  take  him  to  realize  that 
lif  (an  fitxl  out  ninrc  rlirectly  and  more  certainly  without  asking; 
\\\v  longer  will  it  take  him  to  throw  oflf  the  superstitious  awe  for 
flir  antlir»rifics  that  have  acquired  their  wisdom  in  some  mysterious 
wav  supposedly  beyond  his  reach.  It  is  not  necessary  that  the  pupil 
lir  Icfl  willi  his  specimen  and  his  own  resources  *' to  observe/'  but  it 
is  nrcrss.'iry  lliat  no  opportunity  be  lost  to  teach  the  pupil  that  most 
«»f  llic  ((ucsiions  he  asks  he  can  answer  for  himself;  to  teach 
hitn  ihal  the  o])inions  of  men  and  women  arc  of  w^orth  just  in 
pioporlion  a^  ihey  are  founded  on  sound  knowledge  and  on  sound 
inference.  To  teach  one  that  his  own  brain  with  its  peripheral 
oij;;ni^  is  an  apparatus  that  can  create  knowledge  as  well  as  that  of 
llu'  wriler  of  teNtl)<K)ks.  and  to  develop  a  habit  of  looking  to  this 
apparatus    for    lirst    aid,    instead    of   the   habit   of    asking   some- 
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Dne  else,  that  is  not  teaching  biology,  it  is  teaching  self-reliance  in 
thinking;  and  this  by-product  alone  is  worth  the  price  of  admission. 

But  it  is  not  enough  to  think  boldly  and  independently;  it  is 
necessary  also  that  the  thinking  be  logical  and  coherent.  The  study 
of  grammar  is  under  certain  conditions  nothing  but  the  study  of 
logic,  but  it  is  so  formal  and  so  attenuated  and  so  much  restricted 
by  the  special  rules,  that  it  is  very  uncertain,  in  regard  to  the  pupils 
who  attain  high  ratings  in  grammar,  whether  they  are  those  who 
were  better  thinkers  before  they  began  the  study,  or  those  who 
acquired  the  art  during  the  course  of  the  study.  On  the  other  hand, 
the  logic  of  the  laboratory,  like  the  expression  of  the  laboratory,  is 
constantly  subject  to  the  external,  impersonal  check.  The  method 
of  the  experiment  leaves  no  room  for  opinion  where  certainty  is 
possible.  We  hear  it  often  objected  that  the  method  of  science, 
meaning  the  method  of  thought  in  science,  is  all  right  for  those  who 
are  to  pursue  the  study  of  science  further,  but  is  of  no  use  to  the 
pupils  who  leave  the  high  school  at  the  end  of  one  or  two  years. 
From  this  view  I  must  dissent,  and  for  the  following  reasons. 

The  pupil  that  becomes  a  scientist  does  so  only  on  condition  that 
he  is  prepared  to  meet  in  his  problems,  prepared,  that  is,  to  think  as  a 
scientist.  But  the  student  that  goes  into  the  shop  or  the  factory 
or  the  office  without  any  more  schooling  than  he  gets  by  the  end  of 
the  first  or  second  year  of  high  school,  is  still  to  become  a  citizen 
and  a  worker,  and  it  is  especially  from  the  point  of  view  of  the 
citizen,  who  is  called  upon  without  any  special  preparation  to  declare 
periodically  what  shall  or  shall  not  be  the  policy  of  his  city  or  state, 
and  who  shall  or  who  shall  not  be  intrusted  with  carrying  out 
the  will  of  the  people,  that  the  method  of  science  can  be  of 
tremendous  value.  The  habit  of  analyzing  complex  phenomena 
is  of  value  to  every  man  and  to  every  woman  that  has  to  live 
in  an  environment  complex  enough  to  support  human  life.  This 
habit  is  to  be  acquired  only  through  the  practice  of  analyzing  com- 
plex phenomena,  and  will  be  regularly  exercised  only  where 
there  is  a  live  realization  that  phenomena  are  to  be  analyzed. 
And  nowhere  in  the  school  course  is  there  presented  an  opportunity 
for  such  analysis,  or  for  realizing  its  importance,  like  that  furnished 
by  biology  teaching.  Very  few  of  the  pupils  that  enter  high  school 
ever  get  a  chance  to  study  economics  or  any  other  branch  of  social 
science ;  yet  every  young  person  that  lives  long  enough  is  expected 
to  have  opinions  on  the  most  complex  of  problems,  and  that  too 
when  most  people  are  not  even  aware  that  there  is  such  a  thin^  as 
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analyzing  a  problem.  They  have  heard  of  analyzing  water  from  a 
suspected  well  or  of  analyzing  adulterated  food ;  but  they  don't 
know  anything  at  all  about  analyzing  the  tariff  question  or  the  open 
shop  question  or  the  equal  pay  question.  Of  course  I  do  not  refer 
to  the  fact  that  they  do  not  use  the  word  "  analyze  *'  in  this  con- 
nection ;  but  1  do  refer  to  the  fact  that  they  do  not  realize  that 
there  is  such  a  process  and  that  it  must  be  applied  to  every 
question.  Now  I  do  m.t  claim  that  the  study  of  biology  will 
make  pupils  competent  to  pass  sound  judgments  upon  the  public 
problems  that  confront  the  citizen,  but  I  do  claim  that  a  habit 
of  analyzing  complex  problems,  the  habit  of  looking  for  the 
factors  or  elements,  is  a  decided  advantage  in  meeting  such  prob- 
lems, and  this  habit  our  course  might  establish  more  or  less  firmly, 
by  our  calling  attention  to  the  function  of  analysis  in  the  activities 
of  the  physician  or  the  engineer  or  the  statesman,  and  to  its  func- 
tion in  the  solution  of  the  thousands  of  problems  that  arise  in  the 
practical  conduct  of  each  individual's  affairs.  This  idea  of  analysis 
and  the  habit  of  analysis  are  of  great  value,  but  they  are  not 
especially  biological. 

In  this  connection  our  old  friend  the  faculty  of  observation 
deserves  a  brief  notice.  It  is  cjuite  certain  that  practice  in  the 
observation  of  flowers  and  bugs  does  not  establish  the  general  habit 
of  observing  everything  that  dmiics  within  the  range  of  our  senses, 
liut  it  is  equally  certain  that  a  realization  of  the  importance  of 
certain  classes  of  facts  will  make  one  both  diligent  and  careful  in 
the  gathering  of  tliose  facts.  Xow  wc  can  make  the  pupil  realize 
that  a  knowledge  of  facts  is  essential  to  the  solution  of  various 
])rol)lenis,  and  t'lat  the  facts  are  worthless  unless  they  are  the 
lesnlts  of  careful,  accurate  ol)servation.  r>eyond  that  we  can  only 
rake  liini  familiar  with  tyi)cs  of  structures  in  whicli  he  will  discover 
('etails  and  variations  more  readily  after  ])ractice:  we  can  never 
teach  a  boy  to  take  in  at  a  glance  his  sister's  new  millinery  dream 
by  the  application  of  the  laboratory  nietho  1  to  the  inside  of  a 
crayfish. 

The  habit  of  looking  beyon  1  fact>  to  their  possible  significance 
is  aninher  habit  that  one  may  conceive  to  be  of  value  to  the  person 
that  will  never  have  anything  to  do  with  the  pallial  sinus  or  fibro- 
vascular  ])un(lles :  and  the  ])ractice  of  distinguishing  between  facts 
and  inferences  is  one  that  could  be  of  use  even  in  tlie  kitchen. 
These  are  matters  that  may  be  acquired  in  the  study  of  language 
or  history,  but  I  believe  that  the  high  school  pupil  has  no  better 
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chance  to  get  them  than  is  furnished  in  the  biological  laboratory. 
Yet  these  products  are  not  strictly  biological,  they  are  metaphysical 
rather,  or  psychological.  Finally,  the  habit  of  verification  of  infer- 
ence and  hypothesis  may  be  established  in  the  laboratory,  and  once 
established  is  an  invaluable  protection  against  the  browbeating  of 
conventional  conservatism  on  the  one  hand,  and  against  the  allure- 
ments of  yellowness  on  the  other.  And  this  product  too  is  not 
biological. 

All  these  methods  of  science  —  analysis,  observation,  inference 
and  verification  —  will  not  become  fixed  habits  of  pupils  unless  a 
special  effort  is  made  to  generalize  their  applications  to  the  affairs 
of  the  trades  and  the  professions  and  the' interests  of  everyday  life; 
and  biology  furnishes  the  best  basis  for  such  generalizations,  being 
on  the  one  hand  complex  enough  to  be  safe  for  analogies  to  prac- 
tical affairs,  and  being  on  the  other  hand  concrete  enough  to  allow 
of  objective  and  experimental  study. 

One  might  be  tempted  to  ask  whether  I  would  teach  anything  in 
the  biology  course  that  is  really  biological,  or  whether  I  would 
leave  anything  for  other  departments  of  a  school  to  do.  To 
answer  the  latter  question  first,  I  would  say  that  1  believe  that 
every  subject  in  the  school  must  contribute  its  share  towards  the 
inculcating  of  certain  ideals,  towards  the  establishment  of  certain 
habits  of  thought  and  action,  and  towards  proficiency  in  the  arts  of 
expression  or  communication,  in  addition  to  the  imparting  of  infor- 
mation proper  to  its  department.  That  there  are  biological  matters 
to  be  taught  in  the  biolog>'  course  goes  without  saying,  but  these 
other  things  to  which  I  have  referred  are  some  of  the  by-products, 
actual  or  potential ;  and  we  cannot  afford  to  ignore  them. 

To  summarize,  I  should  like  to  present  this  plan  or  ideal   for 
utilizing  the  by-products  of  biology  teaching: 
Teach  for  thinking,  as  against  merely  remembering  or  believing; 
Teach  to  think  straight  rather  than  loosely  or  crookedly; 
Teach  to  think  to  some  purpose,  rather  than  diffusely,  vaguely ; 
Teach  to  think  to  some  human  purpose,  as  against  merely  personal 

or  commercial  purpose ;  and  finally. 
Teach    for   an   ideal  of   a   dynamic   human   purpose,   as  against  a 
static  one. 
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Section  C  — EARTH  SCIENCE 

THE   USE    OF  A    WET   LABOEATOET   IV   PHT8I0OEAPHY   TEAOHIVa 

Illustrated  by  lantern  slides 
BY  OSCAR  D.  VON  ENGELN,  CORNELL  UNIVERSITY 

Instruction  in  a  natural  science  may  be  broadly  divided  into  lec- 
ture work  and  laboratory  work.  These  terms  are  inclusive,  for  under 
the  first  heading  will  come  lectures,  recitations,  and  seminary  reviews 
of  literature;  in  general  then  the  acquiring  of  knowledge  of  the 
science  from  the  investigations  and  the  formulations  of  others; 
whereas  in  laboratory  work  we  ask  of  the  individual  that  he  deal 
with  the  material  itself,  make  his  own  observations  and  draw  his 
own  conclusions.  Thus  we  may  include  field  trips,  conclusions 
drawn  from  assembled  data,  and  laboratory  experiments  all  under 
this  one  head. 

At  first  thought  it  would  seem  an  easy  matter,  given  these  ele- 
ments, to  outline  a  course  of  instruction  which  would  be  adequate 
to  cover  the  specific  need.  But  difficulties  are  encountered  at 
various  points  which  are  not  always  of  the  readiest  solution.  It 
IS  a  general  impression  that  in  the  university  the  teaching  of  the 
subject-matter  of  the  science,  rather  than  its  disciplinary  value  as 
a  study  is  the  chief  objective,  whereas  in  the  secondary  schools  a 
science  subject  is  of  value  especially  as  it  trains  the  faculty  of 
observation. 

Assuming  for  the  moment  that  this  impression  is  a  correct  one, 
it  would  seem  that,  granted  the  lecturer's  knowledge,  and  the  sound- 
ness of  the  text  used,  the  task  of  university  laboratory  teaching 
would  be  less  difficult  than  that  in  the  secondary  schools  in  the 
same  branch,  for  on  a  presentation  of  the  subject-matter  the  student 
ought  to  be  in  a  position  to  appreciate  and  follow  the  laboratory 
work  with  interest  and  profit. 

But  even  if  this  be  true,  the  deduction  drawn  is  far  from  being 
a  true  one.  As  a  matter  of  fact  the  problems  are  essentially  the 
same,  here  and  in  the  secondary  schools.  Powers  of  observation 
and  deduction  acquired  in  one  science,  do  not  necessarily  imply  the 
same  ability  in  another;  especially  in  the  case  of  the  immature 
student.  If  the  training  of  this  faculty  is  the  object  of  the  labora- 
tory work  of  the   secondary  schools,  this  same  object  combined 
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with  an  intelligent  and  broad  understanding  of  the  subject  is  the 
object  of  the  same  work  in  the  university;  and  the  means  must  be 
the  same. 

Here  at  Cornell,  in  our  laboratory  teaching  of  physical  geography, 
we  put  the  emphasis  on,  and  devote  all  possible  time  to,  field  w6rk. 
The  region  is  one  particularly  rich  in  material,  and  the  opportunities 
to  study  a  diversity  of  phenomena  are  great.  Therefore  we  spend 
the  most  possible  time  in  the  field,  in  the  fall  and  in  the  spring; 
and  we  pride  ourselves  on  having  developed  for  the  vicinity  a 
series  of  excursions  which  are  at  once  comprehensive  and  intensive. 
It  is  in  the  latter  phase  that  this  class  of  instruction  is  weakest,  for 
its  success  is  dependent  on  close  observation  by  the  pupil,  and  the 
instructor  should  really  be  at  once  an  authority  in  the  science,  and 
a  teacher  of  the  highest  order.  Such  paragons  may  exist  in  num- 
bers among  you,  but  unfortunately  elsewhere  they  are  rather  rare. 

In  connection  with  this  field  work  in  physical  geography  I  have 
found  difficulties  of  two  kinds.  The  one  is  that  the  concepts  of 
space,  for  example  the  wide  area  of  perhaps  hundreds  of  square 
miles  of  a  river  system,  is  beyond  the  imaginative  capacity  of  the 
beginner,  and  as  a  consequence  there  is  a  failure  to  grasp  the  rela- 
tionship of  the  phenomena  discussed.  We  endeavor  to  overcome 
this  as  much  as  possible  by  taking  the  class  to  high  points,  which  are 
available  here  in  the  hill  summits.  There  may  be  a  suggestion  in 
this  for  some  of  you  who  have  also  realized  this  inadequateness  on 
the  part  of  the  pupils.  Second,  there  is  often  the  impossibility  to 
convey  an  appreciation  of  the  result,  even  when  one  is  at  the  point 
where  the  processes  are  going  on.  An  example  is  the  postulate  that 
a  river  must  have  tools  with  which  to  work  in  carving  its  valley. 
The  class  gazing  into  the  quiet  stream  can  only  be  told  of  these 
tools,  and  referred  to  the  flood  time  ^nd  its  conditions,  when  their 
appreciation  is  dependent  on  former  individual  observations.  The 
sum  of  these  difficulties  may  be  compared  to  the  confusion  encoun- 
tered in  experimental  physics,  where  the  intricacy  and  the  com- 
plexity of  the  apparatus,  the  number  of  cocks  to  be  opened  and 
closed,  and  the  mechanism  of  the  often  ingenious  schemes  which 
have  been  devised  for  the  securing  of  quantitative  readings  or  other 
(lata,  obscures  and  often  diverts  the  pupil's  attention  from  the  real 
object  of  the  experiment. 

Therefore  in  the  indoor  laboratory  there  ought  to  be  a  clearing 
up  of  the  field  observations,  and  a  concrete  presentation  of  phe- 
nomena not  available  in  the  vicinity,  or  of  such  a  kind  as  do  not 
permit  of  actual  observation  in  the  fieVd. 
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The  indoor  work  begins  well  with  a  study,  as  detailed  as  the 
nature  of  the  course  will  allow,  of  the  materials  of  the  earth's  crust 
on  which  the  natural  forces  are  working,  and  which  they  produce, 
i.  e.  the  minerals,  the  rocks,  the  soils,  and  phenomena  such  as  con- 
cretions, geodes,  ropy  lava,  etc.,  which  occur. 

But  by  what  shall  this  be  followed?  Work  on  contour  and 
hachure  maps,  the  making  of  a  series  of  profiles  and  cross-sections? 
That  is  practically  the  gist  of  the  laboratory  manuals  of  physical 
geography  now  extant,  though  there  is  included  some  work  on 
models  and  a  number  of  experiments  of  meteorological  and  astro- 
nomical kind,  which  two  latter  phases  we  do  not  treat  here,  as  there 
are  courses  given  in  the  university  in  these  subjects. 

The  use  of  models  is  excellent,  and  their  value  has  long  been 
recognized,  so  that  it  is  not  necessary  for  me  to  consider  these 
further  than  to  mention  the  objections  of  their  frozenness,  that 
they  represent  the  arresting  of  a  process  which  implies  change;  and 
second  their  nonavailability  in  great  variety. 

But  to  return  to  the  map  work.  Of  what  use  is  it  to  cross- 
section  contour  maps,  when  the  student  has  but  *the  faintest  concep- 
tion of  their  meaning  and  interpretation?  This  may  seem  an 
exaggeration,  but  I  have  reason  to  know  that  it  is  not. 

Here  comes  then,  first,  a  place  for  the  wet  laboratory.  In  it  the 
significance  and  the  direction  of  contour  lines  can  be  made  clear,  as 
no  amount  of  hyjwthetical  submerging  of  a  boulder  or  a  hat  will. 
We  will  pause  for  a  moment  then  to  describe  the  laboratory  and 
the  apparatus  that  we  have  at  present. 

The  whole  equipment  was  conceived  by  Professor  Tarr,  but 
wholly  in  a  tentative  way;  as  the  lack  of  any  previous  published 
work  of  the  character  necessitated  going  ahead  according  to  his 
judgment  as  to  what  would  be  needed.  And  so  far  as  our  begin- 
ning attempts  indicate,  it  entirely  covers  the  needs  for  the  simpler 
experiments  at  any  rate. 

It  consists  first  of  a  wooden  tank,  water-tight,  some  lo  feet 
square,  and  i8  inches  deep.  Inside  this  is  another  tank  about  6  feet 
square  and  12  inches  deep,  which  can  be  raised  and  lowered  at 
will,  and  tipj)e(l  to  any  angle  inside  the  former.  The  larger  tank 
is  to  hold  the  waters  of  the  experimental  ocean  or  lake  while  in  the 
smaller  are  built  up  the  land  forms.  When  the  building  of  a  certain 
form  is  complete  the  sides  and  ends  of  the  inside  box  can  be  re- 
moved if  necessary.  Then  there  is  a  long  narrow  tank,  with  dimen- 
sions,  20  X  2.S  X  2.5  feet  for  experimenting  on  long  river  valleys ;  and 
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third  a  double  tank  in  a  separate  room  whose  temperature  is  to  be 
under  control  for  glacial  experiments.  These  tanks  are  also  about 
10  feet  square,  but  while  within  one  another,  they  are  almost  of  a 
size,  and  some  4  feet  deep.  Water  pipes,  sprays  of  various  kinds, 
and  screens  for  sifting  material  are  also  provided.  The  material  we 
have  used  to  date  is  clay,  molder's  sand,  sand  and  pebbles,  and 
plaster  of  paris. 

I  will  not  weary  you  with  the  details  of  the  experiments  we  made 
to  determine  what  thickness  and  kinds  of  layers  of  strata  we  needed 
to  use  to  get  the  effects  desired,  but  only  incidentally  call  attention 
to  the  requirements  in  discussing  the  experiments. 

These  are  to  date  all  intended  to  serve  for  instruction  in  an  ele- 
mentary class,  although  provision  is  also  made  for  research  work 
to  begin  soon. 

We  may  then  come  back  to  our  contour  experiment.  For  this 
we  use  the  shallow  square  tanks.  Nothing  could  be  simpler  than 
to  build  up  a  land  form,  with  hills,  embayments,  and  valleys,  and 
then  xemoving  the  sides  of  the  inner  tank,  raise  the  water  surface 
until  it  just  touched  the  outer  periphery  of  the  land  form.  The 
pupils  are  now  instructed  to  draw  the  line  of  the  water  level  on  a 
scale  of  I  inch  to  i  foot.  Then  the  land  is  lowered  one  inch,  and 
another  outline  is  made.  With  successive  lowerings  we  finally  have 
only  the  circles  and  ovals  of  the  projecting  hill  and  ridge  summits 
to  put  in,  and  as  a  result  each  student  has  a  contour  map  with  a 
horizontal  scale  of  i  inch  to  i  foot,  and  with  i  inch  contour  inter- 
vals. The  dullest  of  them  can  not  fail  to  appreciate  the  significance 
of  such  a  map.  With  this  apperception  basis  (if  you  will  pardon 
the  term)  one  can  with  profit  set  them  to  cross-sectioning  the  map 
they  have  made,  and  then  to  cross-sectioning  and  profile  drawing 
from  topographic  sheets. 

Our  experiments  to  date  have  been  on  the  erosional  work  of 
streams  and  waves.  We  found  here  that  to  get  results  in  a  short 
time,  nothing  more  resistant  than  a  clay  layer  could  be  used.  When 
plaster  of  paris  even  in  small  proportions  was  used,  the  resistance 
to  erosion  was  such  as  to  mike  the  effects  inappreciable  after  a 
number  of  hours  of  spraying.  Again  if  a  heavy  clay  layer  is  on 
the  surface,  and  the  angle  of  slope  is  moderate,  the  erosive  limit 
of  the  developed  stream  is  soon  reached,  and  after  that  only  clear 
water  purls  down  the  valleys.  This  condition  affords  opportunity 
for  a  very  pretty  demonstration  that  streams  do  their  cutting  with 
tools,  for  by  stopping  the  spray,  and  sprinkling  on  a  layer  of  sand 
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at  the  head  waters,  and  then  resuming  operations,  we  note  that 
the  streams  uuw  have  abundant  sediment,  and  moreover  they  are 
cutting  back  the  clay  of  their  middle  and  upper  courses.  Again  in 
their  lower  courses  the  streams  are  now  overburdened,  and  as  a 
consequence  building  up  their  channels,  i.  e.  aggrading,  in  order  to 
get  a  sk)pe  steep  enough  to  enable  them  to  carrj'  their  sediment 
load. 

If  we  ctiuld  demonstrate  no  more  than  these  few  things,  we  would 
consiiler  the  wet  lal)oratory  as  amply  repaying  its  installation.  For 
an  aggrading  stream  is  a  difficult  conception  with  students  in  itself. 
r>ut  these  are  only  a  small  part  of  its  possibilities.  In  the  cutting 
down  of  one  land  form  many  other  phenomena  can  be  observed. 
Thus  one  of  the  first  and  most  striking  things  that  one  notes,  is  the 
extremely  wide  distribution  of  fine  sediment  of  a  clayey  nature, 
which,  even  with  only  one  small  stream  running  and  the  outlet  of 
this  stream  near  the  point  of  discharge  of  the  water  from  the  ocean, 
yet  >ettles  all  over  the  ocean  bottom.  Thus  one  can  clearly  demon- 
strate the  possibility  of  a  vast  expanse  of  stratified  rock  as  due  to 
the  <k|>osits  of  streams  entering  a  former  body  of  water. 

Deltas  are  land  forms,  which  because  of  their  fertility  and 
topography  are  of  the  most  important  geographic  controls  in  the 
history  of  man.  Yet  their  slopes  and  construction  are  one  of  the 
difficult  things  to  make  clear  in  the  field.  Rut  in  the  wet  laboratory 
we  were  sur[)rised  from  the  start  by  the  perfect  development  of  this 
form  which  we  secured  in  each  case.  One  could  see  perfectly  how 
the  coarse  particles  were  dumped  down  the  steep  slope,  the  finer 
clayey  material  shooting  out  into  the  water,  and  the  swinging  back 
and  forth  of  the  distributory  channels.  Again  when  the  material 
was  in  the  aggregate  coarse,  the  deltas  took  a  crenate  outline, 
whereas  when  fine  they  had  a  snio^ith  curved  edge.  This  has  a 
bearing  on  <nir  fossil  deltas  hanging  on  the  hills,  cvmiposed  of  coarse 
glacial  gravels  f<ir  the  most  part,  for  these  Ux>  have  the  crenate 
form.  A*i  to  form,  part  of  the  delta  could  be  seen  tlirough  the 
water,  but  it  was  readily  iH»ssibIe  to  lower  the  water  surface,  and 
di-*clo<e  the  whole.  If  at  this  lower  level,  the  spray  is  started 
again,  we  get  the  o»n<lition  of  rejuvenation,  with  cutting  through 
of  the  ilelta  and  intrenche<l  meanders  in  the  upper  courses. 

Oihcr  i^rsxihilities  which  sujTorest  themselves  at  once  are  the 
devel' ipnient  <»f  alluvial  fans,  formation  and  recession  oi  waterfalls. 

^hoK-s,  head  water  er«>si. m,  gor^je  forms,  mature  stream  courses, 
ating  meanders,  plantation,  river  piracy.  f[oo(\  plains,  and  so 
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on,  ad  infinitum.  Just  one  more  idea  and  I  have  done  with  this 
part.  It  is  a  popular  notion  that  bays  are  cut  in  sea  and  lake  coasts 
by  waves  and  the  entering  streams,  and  the  cgntrary,  true  idea,  that 
these  agencies  tend  to  straighten  out  the  coast  and  obliterate  the 
irregularities  is  hardly  known.  Nor  can  this  phenomenon  be  well 
shown  in  the  field.  Yet  this  is  again  one  of  the  most  simple  things 
to  show  in  the  wet  laboratory.  The  logic  of  it  is  irresistible  after 
the  pupil  notes  the  waves  tearing  down  the  coast,  while  the  currents 
they  generate  inevitably  fill  any  original  indentations  which  may  exist. 
At  the  same  time  the  small  irregularities,  as  sea  caves,  due  to  wave 
work  on  material  of  different  resistance,  can  readily  be  shown,  and 
also  how  these  are  distinct  from  the  other  larger  phenomena.  The 
influence  of  joints  on  cliflf  formation  is  here  immediately  suggested. 
But  it  must  not  be  imagined  that  a  wet  laboratory  necessarily 
implies  only  running  water  experiments.  Far  from  it.  Even  now 
we  have  projected  the  construction  of  an  experimental  geyser  on 
Bunsen*s  principle,  a  volcano  wherein  a  chemical  mixture,  buried 
under  strata,  supplies  an  expansive,  viscous,  eruptive  lava,  and  a 
repetition  of  some  of  Mr  Bailey  Willis's  experiments  in  the  folding 
of  strata  in  mountain  making.  Professor  Tarr  has  also  some  glacial 
projects  which  can  not  help  being  instructive.  When  eventually  we 
get  a  good  series  worked  up  in  form  so  that  they  can  be  repeated  in 
schools  without  too  elaborate  and  costly  apparatus,  we  hope  to 
publish  them  in  the  form  of  a  manual  with  a  suggestive  outline 
for  work. 
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DISCU8SI0V:     LABOXATOXT    WOMX    Dl    PHTSIOeKAFHT.    ITS    ADTAITAGB8 

AJTD  DAVGESS 

15V       MAKV      <,ERTRLUE      SULLIVAN.      MARTEN       PARK      HIGH      SCHOOL, 

BfFFADX  N.  V. 

That  phy>iogTaphy  re^juires  carefully  planned  labi;»raior\  work,  as 
well  a-  field  work,  for  its  hi^esi  development,  has  been  the  opinion 
of  pnjgre^rrive  teachers  for  some  time  past.  Since  our  true  aim  in 
the  hij^h  school  should  be  development  and  character  buil  ling  rather 
than  the  -torin;^  up  of  facts,  nowhere  in  the  curriculum  can  we  find 
a  -ubject  Ixrtter  fitted  to  our  task.  Physiography  is  broad.  It 
involves  the  understanding  of  so  many  related  subjects ;  astronomy, 
geology,  meteorolog}',  litholog}-.  ethnolog}  all  contribute  to  it.  Tlie 
student  must  be  made  to  realize  that  physical  environment  controls 
living  forms  and  that  living  forms  respond  to  this  environment. 
The  necessary  relation  which  exists  between  the  physical  world  and 
man  \^  cjuickly  recognized  by  the  pupil,  when  he  is  brought  face  to 
face  with  reality.  *After  all  it  is  reality  that  educates,  and  in  his 
observations  he  sees  truth  at  work.  This,  then,  is  a  splendid  field, 
and  well  suited  to  our  junior  students  in  the  high  school. 

Le^t  some  of  us  might  hope  or  expect  to  have  indoor  laboratory 
work  take  the  place  of,  or  substitute  true  fiel  1  work,  let  me  make 
a  plea  for  the  latter.  The  real  observation  of  natural  phenomena 
i>  of  greater  inij^'irtance,  in  that  it  brings  the  student  face  to  face 
with  *•  that  which  i>."  Nature  works  slowly,  precisely,  system- 
atically. .She  is  simple,  exact,  never  obscure  and  when  approached 
with  earne>t  rjue>tions  reveals  herself.  If  the  pupil  has  made  care- 
ful anl  accurate  observations,  simplicity,  truth  and  wisdom  must 
follow  a^  a  natural  conserjuence.  Nature  will  also  make  him  sym- 
patlutic  a-^  well  as  systematic  and  a  good  foundation  is  laid  for 
future  work.  The  student  should  be  le:l  by  careful  planning  to 
observe,  collect  data,  separate  the  essential  from  the  nonessential, 
compare,  discover  the  principles  underlying  phenomena,  and  see  the 
relation  of  cau^e  and  effect.  He  nni>t  be  accurate  and  honest  in 
hi-*  investigation*^  if  he  wishes  to  get  true  notions  anl  the  ability  to 
think  correctly.  This  arouses  enthusiasm  and  a  love  for  work. 
Tlu-  ^Indent  turns  from  rounded  pebbles,  crumbling  rcxrks,  rushing 
waters  with  eves  wide  open  and  with  eyes  that  are  never  again 
•lo^r  I  to  nature.     (  )iit  of  d(K)rs  is  the  true  laboratory  for  the  study 
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of  physiography  and  with  the  assumption  that  every  teacher  has 
from  six  to  ten  well  planned  field  trips,  let  us  pass  on  to  indoor 
laboratory  work. 

Here,  too,  we  must  open  the  eyes  of  our  students  to  the  great 
harmony  and  system  of  the  physical  world. 

The  teacher  should  be  well  prepared,  at  ease  with  his  subject  and 
above  all,  in  love  with  it.  The  pupil  is  quick  to  catch  the  enthusiasm 
of  the  instructor.  He  becomes  interested  and  willing  to  follow  his 
guidance. 

Indoor  laboratory  work  can  do  little  niore  than  supplement  field 
work,  by  stimulating  in  the  student  a  direct  interest  in  all  that  sur- 
rounds him  and  by  fostering  in  him  a  desire  for  research,  clear, 
accurate  notions  and  a  love  for  law  and  order.  This  interest  once 
awakened  is  lasting.  Try  to  inculcate  in  the  student  a  desire  for 
individual  work,  both  in  the  laboratory  and  in  the  field,  and  reward 
his  efforts  with  eiicouragement  and  suggestions. 

Every  means  that  the  teacher  can  procure  whether  invented  or 
borrowed  should  be  brought  to  his  aid.  The  equipment  of  our 
modest  laboratories  is  at  present  inadequate  and  perhaps  it  is  well 
that  this  is  so. 

Expensive,  complicated  apparatus  is  not  necessary  nor  advan- 
tageous. Have  simple,  durable  material,  the  best  globes,  maps, 
charts,  models,  a  liberal  collection  of  typical  rocks  and  minerals, 
books  for  collateral  and  supplementary  reading,  contour  maps, 
pictures  and  diagrams.  Do  not  load  the  room  with  lumber  "which 
looks  scientific,  but  which  is  rarely  or  never  used.  Add  each 
year  to  your  store,  several  pieces  that  you  know  how  to  use  ad- 
vantageously, and  in  a  short  time  you  will  have  a  well  equipped 
workshop.  Add  when  possible  a  lantern  and  a  wet  laboratory. 
Let  us  consider  and  freely  discuss  some  of  the  advantages  of  labora- 
tory exercises  in  the  developing  of  science  and  finally  in  the  develop- 
ment of  character  building  on  the  part  of  the  pupil.  Our  students 
come  to  us  with  the  ability  to  learn  by  rote,  and  with  little  power 
to  think.  The  young  child  learns  so  easily  by  this  method,  that 
teachers,  all  along  the  line,  have  taken  advantage  of  it,  and  unfortu- 
nately some  high  school  teachers  continue  the  process.  He  dislikes 
to  stop  and  think,  and  has  few  concrete  notions.  In  many  cases 
he  has  lost  his  orientation  with  regard  to  the  forces  w^hich  surround 
him  and  it  is  the  province  of  the  teacher  of  science,  and  the  function 
of  the  lalx)ratory  to  build  up  common  sense  notions,  and  to  lead 
him  to  discover  truth  by  thinking,  reasoning  and  seeing  the  relation 
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of  cause  and  effect.  He  must  be  made  to  realize  that  lasting" 
knowledge  comes  from  investigation.  Ask  your  young  first  year 
pupil  to  give  you  a  definition  of  any  common  geographical  feature, 
for  instance  a  valley.  He  will  recite.it  glibly  enough.  Xow  ask 
him  where  he  has  seen  one.  In  the  majority  of  cases,  he  will  tell 
you  he  docs  not  know  whether  he  has  seen  one  or  not.  Some  of 
the  more  courageous  will  risk  one  in  Pennsylvania,  Virginia  or 
even  California,  never  one  in  their  own  locality.  They  are  posi- 
tively astonishe:!  when  they  find  so  many  near  at  hand. 

Ask  on  how  many  days  in  the  month,  all  conditions  being  favor- 
able, can  the  moon  be  seen.  You  will  l)e  surprised  at  the  variety 
of  answers.  Then  let  the  pupil  take  a  j)lanetarium  and  work  out 
the  problem.  Xcxt  recjuire  careful  observations  for  a  month  and 
you  will  be  delighted. 

The  great  advantage  of  laboratory  work  is  that- it  gives  concrete 
notions.  The  student  nuist  concentrate  his  attention  upon  the  ma- 
terial at  hand,  struggle  with  the  principles  involved  and  by  question- 
ing and  reasoning,  cause  the  problem  to  fall  apart.  He  is  enabled 
to  meet  his  conclusions  with  a  mind  more  and  more  logically  trained 
and  thus  he  is  fitted  to  enter  upon  a  more  difficult  task  and  ready 
to  c()mi)rehen(l  its  full  meaning  and  significance.  As  he  is  required 
to  W(irk  and  investigate  for  himself,  this  gives  the  restless  adoles- 
cent a  kind  of  mainial  occupation  which  ([nickcns  his  interest  and 
makes  him  in  a  measure  ^ee  the  relation  which  exists  between  the 
earth  aiul  man.  With  a  little  encouragement  he  will  gain  confidence 
in  hiniselt  and  realize  that  tlu-re  is  a  delight  in  intelk'ctual  ])ower. 
I  lis  energies  are  turned  ttnvard  self-editcation  and  a  healthy  atti- 
tu('e  regarding  duty,  lie  becomes  an  im])ortant  factor  instead  of 
an  in  lividiial  inhabitant  of  the  class.  Difficult  ])rol)lenis  challenge 
him  and  he  turns  his  energies  t.>ward  them  with  new  power.  A 
healthy  ciu'iosity  is  aroused  and  he  wishes  to  satisfy  it.  As  labora- 
tory work  hoMs  his  atteiuion  and  interest,  it  is  both  a  ])reparation 
f<jr  and  a  review  of  book  work. 

In  the  study  of  minerals  and  rocks  he  must  observe  closely  and 
accurately,  look  for  fine  differences  and  comj)are.  and  this  cultiva- 
tion of  the  i)r)wers  of  accurate  observation  is  one  of  the  essential 
elements  in  his  education.  l)y  means  of  contour  ma])s  he  is  l>rought 
face  to  face  with  all  the  important  featttres  of  nature  and  he  is 
able  to  understand  the  influence  of  environment. 

When  the  pupil  reviews  his  subject  he  l(v;)ks  from  a  broader 
horizon  and  is  enabled  to  retain  the  essentials. 
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Encourag^e  the  j)iipils  to  make  individual  models  representing 
some  fimdamental  idea  in  the  lesson.  Those  who  have  crude  ideas 
can  not  do  this  at  first,  but  those  who  have  vivid  imaginations  will 
work  out  their  ideas  and  benefit  the  whole  class. 

Let  the  pupil  explain  his  model  to  the  class,  and  if  there  is  a 
mistake  give  him  the  first  chance  to  correct  the  error.  If  he  does 
not  see  it,  some  live  mind  will  discover  it  for  him.  This  gives  the 
student  confidence  and  ix)wer  and  keeps  the  teacher  supplied  with 
good  material.  The  taking  of  weather  rejx)rts  develops  the  ability 
to  judge  correctly,  and  by  observations  and  correlations  he  dis- 
covers the  laws  of  meteorolog)'. 

Are  there  any  dangers  to  be  encountered  in '  this  apparently 
splendid  method  of  presenting  physiography?  Yes.  There  are 
a  few.  Wherever  there  is  great  enthusiasm  there  is  also  danger. 
The  teacher,  first,  must  keep  in  mind,  that  laboratory  work  is  not 
an  end  in  itself,  but  only  a  means  to  an  end,  and  that  the  better 
understanding  of  the  subject-matter  of  the  textbook. 

It  should  never  be  made  spectacular  nor  fall  to  the  i)lane  of 
entertainment.  If  there  is  a  scattering  of  attention  and  energy,  it 
is  a  waste  of  time,  and  should  come  to  an  end  at  once.  Then  let 
written  work  bring  out  that  which  the  pupil  has  culled  from  his 
investigations.     The  work  may  be  too  technical  for  first  year  pupils. 

If  not  guarded  against  the  pupil  develops  a  disinclination  for 
textbook  study.  The  weaker  ones  are  not  challenged  by  the  diffi- 
cult problems  presented,  as  they  feel  sure  that  in  the  laboratory 
they  will  l>e  made  clear.  There  is  also  danger  of  doing  too  much, 
thus  causing  the  pupil  to  take  time  and  energy  from  his  other 
subjects. 

The  work  may  be  interesting  and  have  no  real  value.  The 
teacher  is  likely  to  give  too  much  time  to  one  topic  and  sacrifice 
another.  For  instance  mathematical  geography,  which  is  taught 
in  the  grades,  should  only  be  reviewed  and  referred  to  from  time 
to  time,  but  most  of  our  students  have  such  vague  ideas  that  it  is 
necessary  to  develop  the  whole  subject  again. 

But  laboratory  w^ork  is  essentially  doing  and  the  labor  of  prepara- 
tion and  supervision  is  richly  repaid  by  the  responsive  interest  on 
the  part  of  the  pupil. 

The  student  takes  that  which  the  teacher  has  to  give,  no  more 
and  no  less.  Let  us  send  our  trusts  out  with  a  love  for  investigation 
and  truth.  Well  l)alanccd  characters  must  follow  as  surely  as  the 
night  the  day,  and  our  students  will  revere,  through  nature,  nature's 
God. 
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Friday  afternoon,  December  27 

Section  1>  —  Bl<  »L<  >GV 

THE  WOKX  OF  ▲  CHn.T)BF¥'B  MUliEUM 

IIIus*ra!t:d  i»y  -Terc'.iitio'iti  ^iidc^ 

nV     ANNA     HIMJN«iS     0\LLLI\     CTRAT^pK     rniLI»REN*S     MTSEl'M. 
IJRM/KL^N    IXSTITrXE   OF    ARTS    AM>    SCIENCES 

As  llic  work  wliich  I  rcpre>ent  i^  not  conrliicte<l  exclusively  for 
lii;^Hi  >^ch^>'lI  ."-tndcnt-i  one  may  reasmably  a-k  why  a  chihlren's 
niu^finn  shoiilrl  l>e  'liscu-^d  in  a  meetinj^  of  this  character.  My 
an>wer  to  ?iich  a  query  i»  that  the  children's  museum  exists  for 
children  of  all  a^e>,  from  the  infant  in  the  kindergarten  to  the 
hi<;h  schoiil  .••enior.  and  that  in  proportion  as  it  can  help  us  to  a 
wise  and  more  sympathetic  understanding  of  young  children,  will 
it  >erve  as  a  means  of  achieving  finer  results  in  high  school 
instruction. 

A>  an  institution  the  ChildrenV  Museum  i'i  only  eight  years  old. 
and  il.-^  unique  character  perhaps  calls  for  a  word  of  explanation 
about  it>  origin  and  early  history. 

It  was  opened  in  Decemlxjr  1^79,  a<  a  branch  museum  of  the 
lirooklyn  In-litute  of  Arts  and  Sciences,  in  an  attractive  residence 
of  a  beatuiful  suburban  estate  which  the  city  had  taken  as  a  public 
park,  llie  r»rrK>klyn  Institute  having  originally  leased  the  building 
as  a  temporary  storeroom  for  collections. 

I'pon  the  r)pening  of  the  new  Museum  of  Arts  and  Sciences  and 
the  ronse<|uent  transfer  of  the  most  valuable  property,  there  re- 
mainerl  a  few  insects,  stuffed  birds,  and  mammals  principally  from 
r.ong  Inland,  which  were  utilized  as  a  nucleus  of  the  Children's 
Mn>eum  collections,  'i'lnis  the  work  began  with  an  empty  building 
and  the  meager  exhibits  abf»vc  mentioned. 

'11  le  manifest  pleasure  with  which  children  began  to  use  the  new 
muM'inn  and  its  facilities  pointed  to  the  necessity  for  clearly  defined 
jilan-^  for  expansion. 

In  outlinin;^  >ucli  plans  the  r»r(H)klyn  Institute  trustees  expressed 
heir  purjxjse:    (  i  )  To  form  an  attractive  resort  for  children  with 

hiences  tending  t<>  refine  their  tastes  and  elevate  their  interests. 
To  create  an  active  educational  center  of  dailv  assistance  to 
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pupils  and  teachers  in  connection  with  school  work  and  to  offer  new 
subjects  of  thought  for  pursuit  in  leisure  hours. 

The  aims  and  purposes  of  such  a  museum  called  for:  (i)  The 
preparation  of  collections  which  children  could  enjoy,  understand, 
and  use.  (2)  The  arrangement  of  material  pleasing  to  the  eye 
and  expressive  of  a  fundamental  truth.  (3)  Brief  descriptive 
labels  expressed  in  simple  language  and  printed  in  clear  readable 
type. 

There  was  also  demand  for  a  system  of  instruction  which  chil- 
dren would  voluntary  employ. 

Time  and  experience  have  been  necessary  conditions  for  the 
execution  of  the  original  plans  thus  laid  down.  As  a  branch  institu- 
tion, the  Children's  Museum  derives  its  income  for  maintenance 
from  the  annual  appropriation  made  by  the  city  of  Greater  New 
York  to  the  Brooklyn  Institute  of  Arts  and  Sciences.  For  the 
enlargement  of  its  collections  it  depends  upon  the  work  of  its 
museum  staff  for  the  collection  of  materials,  and  upon  the  modeler, 
cabinetmaker,  artists,  and  taxidermists  of  the  Central  Museum  for 
highly  specialized  labor,  while  the  money  used  in  the  purchase  of 
new  specimens  is  granted,  by  special  appropriation  of  the  trustees, 
from  a  general  museum  collection  fund,  composed  of  private  do- 
nations and  legacies. 

After  eight  years  of  growth  the  Children's  Museum  of  today 
occupies  the  entire  I^edford  Park  Building,  comprising  12  exhibi- 
tion rooms,  a  lecture  hall,  and  a  Children's  Museum  Library. 

In  the  exhibition  rooms  are  Collections  of  natural  history,  geog- 
raphy. United  States  history,  and  art,  to  which  children  and  teach- 
ers make  constant  reference. 

Our  natural  history  collections  distributed  in  five  different  rooms 
are  arranged  for  children  of  varying  ages. 

A  synoptic  room  assists  the  high  school  and  normal  school  pupils 
in  studying  zoology,  while  the  local  collections  of  amphibia,  reptiles, 
and  birds,  delight  children  of  all  ages. 

A  room  of  animal  homes  contains  the  nests  and  family  groups  of 
common  Long  Island  mammals  and  birds,  and  in  the  bird  room, 
besides  the  common  migrants,  are  the  condor,  lyre  bird,  cassowary, 
albatross  etc.,  grouped  in  a  case  labeled  **  Birds  We  Read  About " 
—  where  are  also  appropriate  quotations  from  the  authors  who  have 
written  about  these  birds. 

Our  insect  collection  contains  a  systematic  series  of  the  moths, 
butterflies,  beetles,  and  other  insects  of  BTOokVN\\  ^'^'X  n\^\xv\\.^  ,  ^-2^.^ 
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sj/frcimen  accompanied  with  a  lalx-I  jiving  the  common  and  scientific 
names,  the  sex,  and  the  locality.  <jeneral  labels  noting  group  char- 
acters are  placed  in  each  section.  There  are  also  little  model  groups 
piclurinjj  what  insects  do  and  special  exhibits  illustrating  mimicr>', 
protective  coloration,  and  life  histories.  An  «>bser\'ation  hive  of 
Jieer,  a  cok^ny  of  ants,  and  the  vark>us  water  insects  in  aquaria  are 
of  almost  <^laily  u^-e  to  nature  study  classes. 

In  r^rder  to  make  our  mineral  exhibit  pleasing  to  children  we 
illu'^trate  the  economic  uses  of  minerals  by  displaying  mineral 
firoducts  with  s[>ecimcns.  With  quartz  are  amethysts  and  crystal 
Ien-e>.  I'Iowct  of  sulphur,  roll  brimstone  and  matches,  with  the 
sulphur  crystals  form  a  part  of  the  sulphur  exhibit;  gypsum  is* 
?^hown  with  a  plaster  of  paris  molel.  and  pictures  of  mines  and 
processes  of  manufacture  are  freely  used.  Brilliant  and  beautiful 
minerals  are  used  for  their  esthetic  effect. 

Our  museum  contains  a  small  historical  exhibit  which  began 
with  olrl  relics,  and  arms  and  weapons,  formerly  used  in  the  wars 
of  r>ur  country.  These  have  been  chronologically  arranged,  supple- 
ni(!nied  with  charts  anrl  pictures,  and  more  recently  with  model 
grou|>s  Uf  illustrate  the  period  of  colonization  and  settlement.  Six 
of  tlie^e  groups  are  now  installed,  each  representing  one  of  the 
types  oi  Iuiroj>ean  colonists  who  effected  permanent  settlement  in 
the  United  States.  In  order  of  their  settlement  these  were  the 
Spanish,  I^Vencli,  English,  Dutch,  New  England  and  Quaker  types. 
Tlierc  is  something  about  these  miniature  scenes  strikingly  engaging 
U)  the  child.  They  .stimulate  him  to  close  and  repeated  observations 
and  comparisrms,  and  with  the  help  of  the  childish  imagination 
carry  him  back  intr)  the  period  to  which  they  belong. 

While  charts,  globes,  and  maps  are  used  in  our  geographic  ex- 
hibits, the  model  group  method  has  been  adopted  for  bringing 
together  the  remote  peoples  of  the  world.  By  means  of  these 
miniature  scenes  human  beings  appear  under  extremely  unlike  con- 
ditions of  climate  and  physical  features,  both  of  wdiich  determine 
ap]H*arance,  dress,  inrlustries,  character,  and  other  distinctions. 

The  relation  of  man  to  his  environment  as  shown  in  his  place 
rjf  settlemeiU,  his  occupations  and  industries  as  determined  by  the 
cliniatc  and  physical  features  of  his  surroundings,  and  his  inter- 
cnnrsc  with  his  fellow  men  are  important  relationships  not  alw^ays 
clear  to  children  who  study  merely  globes,  maps,  and  pictures, 
larking  in  that  dramatic  quality  which  is  an  important  factor  in 
Jinkiiif^  the  chilrlish  imagination  with  what  is  new  and  strange. 
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Each  scene  chosen  depicts  the  natural  physical  character  of  the 
race  represented.  It  shows  the  members  of  the  family  in  character- 
istic dress,  the  home,  and  its  surroundings,  including  useful  do- 
mesticated animals,  implements  and  tools,  and  men  at  work.  We 
have  begun  this  series  of  geographic  groups  with  a  choice  of  those 
peoples  whose  mode  of  life  are  least  complex,  since  it  is  among 
such  races  that  the  dependence  of  man  upon  his  physical  environ- 
ment is  most  clearly  shown,  his  food,  clothing,  and  shelter  often 
coming  from  a  single  source. 

The  important  underlying  principle  to  be  emphasized  in  exhibits 
of  this  character  is  that  of  relationship.  The  child  is  ever  rea  ly 
to  put  himself  in  the  place  of  the  lilliputian  being  whose  environ- 
ment he  now  sees  spread  out  before  his  eyes.  What  his  far  away 
brother  has  and  what  he  can  do,  are  to  him  important  subjects  about 
which  he  asks  many  questions. 

We  try  to  get  in  touch  with  children  through  the  schools,  for 
experience  shows  that  the  best  results  are  obtained  through  co- 
operation with  enthusiastic  principals  and  teacher^.  Our  exhibits 
are  therefore  correlated  with  the  public  school  work,  and  lectures 
supplementing  grade  courses  of  study  are  regularly  given  during 
the  school  year.  Pupils  are  informed  of  these  lectures  through  the 
Museum  News,  a  monthly  publication  %vhich  is  mailed  to  the  prin- 
cipals of  the  schools,  and  once  they  begin  coming  to  the  museum 
they  usually  continue  their  visits. 

Between  the  hours  of  9  a.  m.  and  5.30  p.  m.  on  every  week  day 
and  2.30  and  5.30  p.  m.  on  Sundays  when  the  museum  is  oi>en, 
children  are  welcomed  and  encouraged  to  the  fullest  enjoyment  of 
every  attraction. 

A  Children's  Museum  Library  which  occupies  two  rooms  in  our 
building  and  forms  a  part  of  the  museum  work  contains  about  5000 
volumes  consisting  of  the  l>est  works  on  natural  history  in  its 
broadest  sense.  The  library  provides  books  of  information  for 
visitors  and  in  offering  l>ooks  on  the  lines  of  school  work  forms  a 
valuable  school  reference  library  adapted  to  giving  assistance  to 
teachers  and  pupils.  The  two  trainerl  librarians  permanently  in 
charge  of  the  reading  rooms  enable  visitors  to  consult  books  with- 
out formality  or  loss  of  time. 

In  the  absence  of  official  relations  with  the  public  schools,  the 
museum  attendance  is  exclusively  voluntary.  Children  and  other 
visitors  usually  arrive  with  some  definite  end  in  view  and  the  mem- 
bers of  the  staff  endeavor  to  assist  toward  that  etvd. 
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;i  ;;r?A',  r^'if/f<  ;if>  aj/j/r'/j/riaf':  ^|Uota*ion,  t5i:k*  aSva:  :he  g^'Xip  of 
f^,  ..-tf;;!!-  >^i;ffi  ftt-  plhyi f'llo'A*,  -jiCTTli  an  hour  in  tr.e  Isbrar)'.  or 
ff«f^rr'.  fo  fh'-  ''x;/!;if»^liofi'  of  the  museum  "  teacher/'  who  gladly 
nit^./,ft^  hu  /|fV'>Jior»*  and  tcllt  him  ^torie>.  maiterr  bu:  little  su 
loh^  ;•'.  fh'  t'firfX  *,i  hi-!  vi^it  i^  to  enhance  hi?  love  for  the  best 
fhiff^^-  ih  lif'v  Aiioth'T  priviie;^e  extendel  to  schrx^ls  i>  the  free 
(I  '    o^   -M\\it'(\  f/ir'l  ,  b<ix«'^  of  ifi-ect^.  an^l  other  "loan  material" 

I  Im  i\tu\'AU*\  for  \\u'  privilege'*  of  a  chil  !ren*s  miiseimi  may  be 
.tn\  \vi^u  iIm'  n-arlincHs  with  which  >chor)ls  and  indiviluals  accept 
iIm.m.      Mom-   than    IJ5    schools,  many  of   them   remotely  situated, 

t  \v\  \i\\\t\\'.  and  tra(  hrrs  to  our  museum.  Six  lumdred  and  thirty- 
lAo  (ff,^^)  vi  >il  .  from  tracluT**  alone  in  search  of  definite  infor- 
iMiilioii,  wrir  teroirlrd  in  the  school  mr)nths  of   K^oj,  and  for  the 

iinii-  (M'tiod  tlir  <  hihhcn's  MuM-u:n  Urturcs  attracted  an  attend- 
,111(1-  mI  iK.oijo.  Thr  average  annual  attendance  fur  the  past  five 
\r.ii  .  ha'i  i'\<<'c  li'il  ().|,<M)()  visitors.  It  woulrl  seem  from  these 
•tall  li<'.  that  a  thihlrcn's  museum,  if  not  a  life  necessity,  is  indeed 
ail  iiiM|in".tionc(l  hlessiii|,;;  to  a  i^rcat  city  like  our  own  whose  popula- 
l/MH  j.  JMixt'ij  in  aparlmrnls  or  hrownstone  blocks  of  such  vast  ex- 
frui  ;/ .  til  iilmr  ihr  ct»untry  bcyowA  v\\e  cxvcvleuco  of  many  children. 
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The  advantage  of  a  cheerful,  sunny,  attractive  museum,  rich  in 
natural  objects  artistically  displayed,  where  children  are  sure  to 
find  a  sympathetic  welcome,  where  they  are  safe  and  happily  and 
profitably  occupied,  is  scarcely  appreciated  until  we  pause  to  con- 
sider the  influence  for  good  or  evil  of  habits  acquired  in  leisure 
hours  —  and  of  the  demoralizing  influence  of  crowded  city  streets 
and  back  alleys. 

Many  of  our  "  boys  "  and  "  girls  "  who  are  now  young  men  and 
women  paid  their  first  visits  to  the  museum  in  company  with  their 
parents  or  the  family  nurse.  Year  by  year  they  have  returned  to 
the  museum  attracted  by  new  features  of  the  work  adapted  to  their 
growing  intellectual  needs. 

Two  years  ago  in  response  to  an  expressed  demand  from  the 
boys  the  museum  began  a  course  of  lectures  in  elementary  physics 
and  in  connection  therewith  invited  the  boys  to  come  to  the  museum 
on  certain  afternoons  to  experiment  individually  with  pieces  of 
apparatus  that  most  interested  them.  The  boys  found  the  utmost 
pleasure  in  the  liberty  thus  granted  —  they  experimented,  under  the 
guidance  of  a  member  of  the  museum  staflF,  they  read  library  books 
in  connection  with  their  experiments  and  within  a  few  months 
several  of  the  boys  had  set  up  a  wireless  telegraph  station.  The 
original  work  of  these  boys  would  be  a  credit  to  any  institution  for 
they  applied  themselves  regularly  and  diligently  until  they  had 
learned  to  send  and  receive  wireless  messages,  meanwhile  the  ex- 
perience of  placing  the  station  and  keeping  it  in  working  order  had 
fitted  them  to  take  charge  of  other  stations.  Early  this  summer 
when  the  schools  closed,  three  of  these  "  boys  "  received  offers  of 
remunerative  positions  w^th  one  of  the  commercial  companies  to 
take  charge  of  wireless  stations  on  board  of  ocean-going  steam- 
ships to  the  West  Indies.  Bermudas,  Key  West,  and  other  places 
of  interest  along  the  Atlantic  seaboard.  One  of  the  boys  who 
had  learned  to  collect  and  mount  insects  when  he  came  to  the 
museum  as  a  primary  schfxjl  lad  made  a  very  creditable  collection 
of  tropical  insects  which  he  brought  to  the  museum  carefully  pre- 
served and  labeled  with  interesting  data. 

In  contrast  to  the  achievements  of  these  boys  by  a  wise  use  of 
spare  moments,  we  can  but  wonder  what  these  hours  would  have 
counted  for  if  there  had  been  no  museum,  no  books,  and  no  sym- 
pathetic personality  to  offer  an  occasional  useful  suggestion. 

It  has  been  maintained  by  some  that  physics  and  electricity  arc 
subjects  not  germain  to  museum  work  and  that  a  museum  sVvovsW. 
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remain  loyal  to  its  old  purposes  of  collecting,  preserving,  classifying, 
and  exhibiting  objects  of  scientific  value.  While  the  original  object 
of  a  museum  should  be  kept  in  mind  we  must  not  lose  sight  of  the 
fact  that  a  children's  museum  calls  for  such  modifications  and 
adaptations  of  methods  as  will  enable  children  to  use  it,  and  here 
we  must  remember  that  the  keynote  of  childhood  and  youth  is 
action.  Any  museum  ignoring  this  principle  of  activity  in* children 
must  fail  to  attract  them.  The  Children's  Museum  does  not  at- 
tempt to  make  electricians  of  its  boys,  nor  is  its  purpose  to  do  the 
work  of  any  school.  Its  object  is  rather  to  get  as  near  to  the  tastes 
and  interests  of  its  little  people  as  possible,  and  to  offer  such  helps 
and  opportunities  as  the  schools  and  homes  can  not  give.  With 
that  its  mission  ends,  and  the  success  or  failure  of  its  work  will  be 
proportioned  to  its  skill  in  meeting  individual  needs. 

About  a  year  ago  a  small  boy  was  discovered  in  our  buildmg 
leading  his  ii  year  old  blind  brother  by  the  hand  and  telling  him 
as  much  as  he  could  about  the  objects  of  especial  interest.  The 
eagerness  with  which  this  sightless  lad  drank  in  every  descriptive 
sentence  led  the  museum  escort  to  ask  him  if  he  had  ever  "seen" 
a  squirrel.  "  No,"  he  said.  "  I  never  touched  one,  but  I  have  heard 
stories  about  squirrels  —  they  have  long,  bushy  tails  and  eats  nuts." 
The  escort  then  placing  a  stuflFed  squirrel  in  his  hand,  gave  him 
one  of  the  happiest  experiences  of  his  life.  To  his  book  knowledge . 
he  could  now  .add  a  real  discovery.  Nor  did  his  experience  at  the 
museum  end  with  the  squirrel,  his  sense  of  touch  taught  him  many 
other  stuffed  animals  and  birds,  besides  living  frogs,  lizards,  and 
turtles.  There  were  other  museums  in  Greater  New  York  and 
surely  far  more  costly  exhibits,  but  no  museum  had  hitherto  found 
time  to  give  this  blind  visitor  the  special  attention  his  infirmity 
made  necessary.  Repeated  and  prolonged  visits  demonstrated  the 
sincerity  of  his  statement  that  "  he  felt  as  though  he  had  come  into 
a  new  world  with  all  these  animals." 

Every  September,  children  returning  from  the  country  outings 
hasten  to  tell  us  of  their  holiday  pleasures,  not  the  least  of  which, 
is  the  deeper  appreciation  of  the  world  of  nature  of  which  the 
museum  has  given  them  broader  knowledge.  Examples  of  the 
quickening  and  stimulating  influences  of  the  museum  in  individual 
cases  could  be  multiplied  indefinitely  and  to  this  could  be  added  the 
appreciative  testimony  of  parents  and  teachers,  were  it  necessary 
to  prove  by  argument  its  real  value  to  the  community. 
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But,  happily,  the  day  is  passed  when  its  excuse  for  existence  is 
questioned,  or  when  it  is  regarded  as  an  extravagant  investment, 
yielding  small  returns.  On  the  contrary,  the  returns  would  warrant 
an  increased  expenditure  and  this  seems  to  be  a  necessity  of  the 
near  future. 

The  present  Children's  Museum  has  long  since  outgrown  its 
quarters.  Its  exhibition  halls,  its  lecture  room,  and  its  library  are 
often  so  overcrowded  with  eager  children  as  to  defeat  the  objects 
of  their  visits. 

The  New  York  Legislature,  however,  has  recently  passed  a  bill 
authorizing  the  city  to  erect  a  new  children's  museum  building  at 
a  cost  not  to  exceed  $175,000.  With  the  improved  equipment  thus 
provided  the  Children's  Museum  would  not  only  serve  a  larger 
number  of  children,  but  would  also  serve  them  more  efficiently  in 
proportion  to  expenditure. 

Through  publications  from  the  German  press  we  learn  that  certain 
educators  in  Berlin  advocate  a  children's  museum  for  that  city. 
Meanwhile,  in  our  own  country,  museums  are  beginning  to  feel  the 
in:4X)rtance  of  giving  more  attention  to  the  education  of  children. 

Since  the  Children's  Museum  has  demonstrated  its  worth  to  one 
community  there  is  reason  to  expect  that  it  will  make  its  way  into 
others  and  the  variety  of  problems  to  be  solved  in  adapting  its 
work  to  new  conditions  offers  one  of  the  most  attractive  fields  in 
modern  education. 
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Section   C  — EARTH   SCIENCE 

tTXZZT  CiUI  ZXCVmSIOV  TO  FOISTS  07  FHTSIOGmAFHIC  IXATITmBS  07  THX 

ITHACA  mEGIOV 

LED  BY  OSCAR  D.  VOX   EXGELX,  CORNELL  UNI\-ERSITY 
Board  special  car  at  Cornell  University  Librarj-  at  2  p.  m. 

Stop  no.  I  Beebe  lake  bridge.  Amphitheater  and  gorge  suc- 
cession in  stream  courses.  Cause  of  the  widening  at  the  lake,  and 
the  gorges  above  and  below.  Other  instances  in  Six  Mile  creek 
and  bearing  of  these  on  theor}-  of  two  glacial  periods. 

Stop  no.  2  Fossil  deltas  of  Cornell  Heigfats.  Tne  glacial  ice 
dam  and  its  northward  recession.  The  lake  stages.  Evidence  of 
marginal  channels  (south  hill)  and  old  shore  lines  of  their  existence. 
Coy  glen  succession  of  deltas. 

Stop  no.  3  The  ice  eroded  Cayuga  valley.  Double  slope  of  the 
valley.  Its  overdeepened  condition  (423  feet  to  bottom,  surface 
381  feet  above  sea  level).  Joint  plane  and  wind  direction  influences 
on  cliff  foundation.     Dip  of  rocks. 

Stop  no.  4  Fall  creek  falls  hanging  valleys.  Cause  of  numer- 
r*us  waterfalls.  \'ariation  of  waterfall  form.  Joint  plain  develop- 
ment here  and  at  Taughannock.  Falls  over  the  Tully  limestone  of 
Niagara  type  dissection  of  fossil  deltas. 

Stop  no.  4  Renwick  park.  The  delta  plain.  Levelness.  Struc- 
ture of  plain.  Artesian  well  conditions.  Upbuilding  of  plain.  Out- 
building of  plain.  Limit  of  plain  under  lake.  Steep  front  45  feet 
to  139  feet,  iJ4  miles  out.  Position  of  side  deltas  with  reference 
to  wind  direction. 

Stop  no.  6  Library  Slope.  Location  of  Ithaca.  Comparison 
with  Watkins.  Alluvial  fans.  Position  of  inlet.  Control  of  topog- 
raphy on  transportation.  Early  history.  Salt  industry.  Gypsum. 
ICarly  gcr)logical  conditions  in  this  region. 

Inspection  of  Geological  Laboratories. 
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Friday  evening,  December  27 

ELECTRICAL  OSCILLATIONS 

(Abstract) 
BY  J.  S.  SHEARER,  CORNELL  UNIVERSITY 

The  part  which  oscillatory  changes  play  in  modern  physics  has 
been  only  partially  appreciated  although  of  increasing  importance 
during  recent  years.  The  simplest  phenomena  of  this  type  is  shown 
in  the  vibration  of  a  strip  of  thin  metal  or  wood  clamped  in  a  vise 
and  carrying  an  adjustable  load. 

The  type  of  vibration  is  determined  by  the  shape  and  nature  of 
the  strip  and  its  frequency  by  its  rigidity  or  elastic  return  force 
and  by  the  amount  and  distribution  of  the  load. 

Increase  of  elastic  return  force  raises  the  frequency  and  decrease 
of  load  or  placing  it  so  that  its  inertia  is  less  effective  will  act  in 
the  same  way.  We  have  in  the  knowledge  of  this  fact  the  key  to 
the  control  of  such  a  vibratory  system  by  regulation  of  these  two 
quantities.  Note  that  this  mechanical  vibration  requires  the  ex- 
penditure of  work  in  order  to  start  it,  the  inertia  of  the  mass  carry- 
ing it  past  the  equilibrium  position.  After  the  first  supply  of 
energy  only  enough  need  be  given  to  supply  the  friction  loss,  in 
tliis  case,  a  rather  small  amount. 

In  the  mechanical  case  we  see  a  moving  mass  and  by  reason  of 
the  muscular  force  exerted  in  starting  it  we  realize  in  a  vague  way 
the  variable  force  action  involved.  When,  however,  we  deal  with 
the  electrical  form  of  energy  we  can  see  no  moving  mass, 'we  do 
not  control  the  system  by  direct  muscular  force  action  and  thus  may 
fail  to  grasp  the  situation  without  recourse  to  some  mechanical 
analogy. 

For  convenience  let  us  suppose  that  electricity  does  consist  of 
two  unlike  kinds  of  material  of  some  intangible  form  and  that 
equal  parts  of  these  two  sorts  are  present  in  the  normal  state  of 
all  ordinary  masses.  Assume  further  that  when  one  of  these  which 
we  call  +  is  in  some  way  separated  from  the  one  called  —  there  is 
set  up  a  tendency  to  return  to  the  original  condition.  Any  electrical 
machine,  cell,  battery  or  dynamo  is  then  a  device  for  the.  s^^^x-^nSrs^ 
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of  these  -J-  and  —  quantities  and  the  work  they  do  is  stored  in  the 
form  of  electrical  potential  energy  so  long  as  the  charges  are  kept 
separate.  If  the  physical  conditions  are  properly  arranged  the  rush 
of  charge  when  opportunity  for  readjustment  is  offered  in  part 
reverses  the  distribution  of  +  and  — ,  in  other  words  sets  up  an 
oscillation  of  electricity  analogous  to  the  oscillation  of  mass. 

In  this  case  also  there  are  two  factors  by  means  of  which  con- 
trol may  be  secured  as  to  frequency  although  the  number  of  oscil- 
lations per  second  is  almost  incredibly  large.  One  of  these  is  the 
electrical  capacity  of  the  circuit  which  determines  the  amount  of 
charge  involved  when  the  potential  is  fixed,  and  the  other  relates 
to  the  difficulty  experienced  when  an  electric  current  is  started  or 
stopped,  in  other  words,  to  the  self-induction  of  the  circuit.  Ex- 
pressed in  symbols  the  frequency  depends  on  the  V  LC  where  C 
is  capacity  and  L  is  self-induction.  When  two  circuits  are  so  built 
up  that  the  product  LC  is  the  same  in  each  they  are  said  to  be  in 
"  tune."  And  oscillations  set  up  in  one  will  cause  less  vigorous 
electrical  vibrations  in  the  other.  The  effect  of  tuning  was  shown 
by  several  simple  experiments  illustrating  the  effect  of  change  in 
each  factor  L  and  C. 
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Saturday  morning,  December  28 
Section  A  — PHYSICS  AND  CHEMISTRY 

THE  BTITDT  OF  SCIENCE  BT  TOTTNO   PEOPLE 

BY     WILLIAM     S.    FRANKLIN,    LEHIGH     UNIVERSITY,     SOUTH    BETHLE- 
HEM,  PA. 

The  philosophy  of  the  17th  century  for  us  of  the  20th!  Indeed  I 
would  have  it  so  for  my  present  purpose  at  least,  and  I  ask  you  to 
adopt  with  me  the  intensely  practical  philosophy  of  that  remarkable 
man  of  the  world,  Francis  Bacon,  who  declared  that  **  The  real 
and  legitimate  goal  of  the  sciences  is  the  endowment  of  human 
life  with  new  inventions  and  riches."  Bacon's  philosophy,  which 
is  a  naive  admixture  of  insight  and  confusion,  certainly  stands  for 
this  idea,  the  service  of  science  to  mankind ;  and  yet  the  scientific 
work  of  the  i6th  century,  from  which  he  drew  his  inspiration,  per- 
tained to  realms  very  remote  indeed  from  the  doings  of  men.  But 
now,  after  an  era  of  scientific  activity  which  is  unprecedented  in 
the  history  of  the  world,  and  which  moreover  relates  to  the  things 
that  all  men  use  and  to  the  things  that  all  men  do,  what  limit  can  be 
set  to  Bacon's  kind  of  philosophy?  At  any  rate  it  pretends  to  a 
conquering  destiny.  **  We  advise  all  men,'*  says  Bacon,  "  to  think 
of  the  true  ends  of  knowledge,  and  that  they  endeavor  not  after 
it  for  curiosity,  contention,  or  the  sake  of  despising  others,  nor  yet 
for  reputation,  power,  or  any  other  such  inferior  consideration, 
but  solely  for  the  occasions  and  uses  of  life." 

In  his  striking  essay  on  the  Advancement  of  Learning,  Bacon 
surveys  the  coast  of  what,  in  view  of  the  then  recent  developments 
of  science,  he  is  pleased  to  call  "  The  new  intellectual  world,"  and 
before  proceeding  with  what  he  apparently  considers  his  greatest 
constructive  effort,  the  Novum  Organum,  which  is  but  dimly  intel- 
ligible after  the  mutations  of  300  years,  he  enumerates  in  his  quaint 
way  the  deficiencies  of  knowledge  in  his  time,  and  among  other 
deficiencies  he  mentions  '*  The  Traditive  I^mp,  or  the  proper  method 
of  delivering  down  the  sciences  to  posterity."  The  physical  sciences, 
however,  in  their  intimate  human  significance,  are  but  newly  created, 
and  it  is  for  us  now  to  raise  the  question  as  to  the  proper  method 
of  delivering  them  down  to  i)Osterity,  and  it  seems  to  me  that  tl\^ 
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greatest  deficiency  of  knowledge  in  the  realm  of  the  physical 
sciences  today  is  still  that  which  was  pointed  out  in  semiprophecy 
by  Bacon  300  years  ago  as  the  **  Traditive  Lamp/* 

My  object  in  this  paper  is  to  establish  a  point  of  view  from 
which  we  may  consider  in  a  broad  and  practical  way  the  problem 
of  "  delivering  the  sciences  down  to  posterity."  The  discussion  will 
contain  much  that  is  light  and  common,  but  "  We.  who  know  that 
no  judgment  can  be  formed  of  that  which  is  rare  or  remarkable 
without  a  previous  regular  examination  of  that  which  is  common, 
are  necessarily  compelled  to  admit  the  most  common  objects  into 
our  discussion.  Besides  we  have  observed  that  nothing  has  been 
so  injurious  to  philosophy  as  this  circumstance,  namely,  that  familiar 
and  frequent  objects  do  not  arrest  and  detain  man's  contemplation, 
but  are  carelessly  admitted,  and  their  causes  never  inquired  after; 
so  that  information  on  unknown  subjects  is  not  so  much  needed 
as  attention  to  those  which  are  known."  * 

Before  proceeding  with  my  main  argument  I  wish  to  traverse  a 
portion  of  a  lecture^  I  gave  several  years  ago  to  the  older  scholars 
of  the  Bethlehem  schools  in  the  attempt  to  justify  in  the  minds  of 
my  young  friends  the  coercion  which  is  so  prominent  in  modern 
technical  and  .scientific  education.  In  this  lecture  I  endeavored  to 
draw  a  sharp  contrast  between  what  may  perhaps  be  called  the 
normal  activities  of  boys,  and  the  activities  that  are  involved  in 
the  rational  study  of  the  physical  sciences,  and  I  must  let  my 
words  stand  in  their  original  form  as  addressed  to  the  young  people 
themselves  in  order  not  to  eliminate  a  personal  clement  without 
which  the  contrast  vanishes. 

Science,  as  young  people  study  it,  has  two  chief  aspects,  or,  in 
other  words,  it  may  be  roughly  divideil  into  two  parts,  namely, 
the  study  of  those  things  which  come  upon  us,  as  it  were,  and  ihe 
study  of  those  things  which  we  deliberately  devise.  The  things 
which  come  upon  us  include  weather  phenomena  and  every  aspect 
and  phase  of  the  natural  world,  the  things  we  can  not  escape ;  and 
the  things  we  devise  relate  chiefly  to  the  serious  work  of  the  world, 
the  things  we  laboriously  build  and  the  things  wc  deliberately  and 
patiently  seek. 

You  are,  of  course,  familiar  with  the  accepted  division  of  science 
into  biology,  the  science  of  i)lants  and  animals,  and  physics,  the 
science  of  machines  (what  is  a  telescope,  a  test  tube,  or  a  still  but 


'  Xfnitm  Orf*amim,  bk  I,  §  CXTX. 
'  'J  lie  first  of  a  series  of  simple  ex\>cnmt\\\.2i\  lectures  on  physics. 
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a  machine?).  To  a  certain  extent  this  corresponds  to  the  division 
of  science  above  mentioned,  but,  strictly  speaking,  the  division  of 
.science  into  biolog}-  and  physics  has  Httle  to  do  with  the  distinc- 
tion between  the  things  that  come  upon  us  and  the  things  we  devise, 
and  yet  it  is  necessary  for  my  present  purpose  to  divide  science 
on  the  basis  of  something  which  stands  out  clearly  and  distinctly 
•in  your  eager  souls  so  as  to  leave  in  every  minute  fraction  as  much 
as  possible  of  the  vital  qualities  which  give  pleasure  or  exact  pains. 
JLet  us,  therefore,  divide  nature  on  the  basis  of  work  and  play; 
on  the  basis  of  painstaking  and  deliberate  contriving  on  the  one 
hand,  and  on  the  other  hand  of  spontaneous  and  irresponsible 
joy. 

In  this  mention  of  both  work  and  play  you  may  think  that  I  am 
trying  unfairly  to  catch  your  attention  by  alluding  to  the  one  thing 
you  like  above  all  others.  Indeed,  the  things  1  shall  ask  you  to 
consider  during  the  winter  are  much  more  closely  connected  with 
work  than  with  play,  for  the  things  we  know  best  in  physics  today 
have  to  do  with  railways  and  ships  and  factories,  and  the  things  in 
physics  which  are  most  worthy  to  be  known  by  every  one  are  pre- 
cisely these  things  which  relate  to  the  world's  work. 

On  account  of  the  remote  connection  between  physics  and  play, 
and  because  of  the  great  predominance  in  physics  of  the  things 
which  have  to  do  with  work,  I  am  inclined  to  spend  a  portion  of 
this,  our  first  hour,  free  from  the  constraint  that  work  implies,  and 
to  consider  for  a  while  the  school  of  play,  and  that  great  school  and 
playhouse,  the  Land  of  Out  of  Doors. 

The   friendly  cow   all  red  and  white 

1  love  with  all  my  heart ; 
She  gives  ine  milk  with  all  her  might, 

To  eat  with  apple  tart. 

She  wanders  lowing  here  and  there 

And  yet   she  can  not  stray 
All  in  the  pleasant  open  air 

The  glorious  light  of  day. 

To  you,  my  young  friends,  everything  is,  I  know,  a  joyful  out 
of  doors,  and  there  you  can  not  stray,  all  in  the  pleasant  open  air, 
the  glorious  light  of  day.  To  your  fresh  enthusiasm  pretty  nearly 
everything  is  play,  and  knowing  no  offense  you  accept,  at  par, 
ever  aspect  and  phase  of  life,  men,  machinery  and  the  enduring 
hills.  I  caution  you  to  retain  as  you  grow  older  as  much  as  you 
can  of  this  wide,  and  let  us  call  it,  matter-of-fact  tolerance.    Accent 
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men  and  Icarn  kindneii  and  pity,  accept  machinery  and.  Icam 
fV^minwrn,  and  keep  umlefiled  the  sunl::  hill^  and  learn  delight  in 
life. 

The  I^nd  of  Out  of  IXiors!  What  ir«>ny  there  is  in  such  glow- 
ing  phrase  to  city  boy§  like  yourselves!  The  supreme  delight  of 
my  own  lx>yhor>d  days  was  to  gather  will  flowers  in  a  wooded  glen 
to  reach  which  led  across  a  sunny  stretch  of  wild  meadow  rising 
to  the  sky,  and  I  would  have  you  know  that  I  lived  as  a  boy  in  a 
land  where  a  weed  never  grew !  *  Xext  to  this  delight  in  wild 
ttffWtrs  and  their  haunts,  my  greatest  delight  was  to*  watch  the 
workings  of  a  great  sawmill,  to  see  men  play,  as  it  seemed  to  me, 
eyes  folk^wing  every  motion,  ears  filled  with  sounds  like  music  in 
their  sufficiency,  heart  leaping  at  everv-  kind  attention.  A  favorite 
imcle  worked  there  for  my  father,  the  happiest  man  I  ever  knew, 
and  since  tlK^se  early  days  I  have  learned  but  little  about  machinery, 
not  much  worth  knowing  about  men,  and  nothing  at  all  about 
meadowed  hills! 

When  I  was  a  lx>y  I  believe  I  would  have  walked  almost  any 
distance  to  see  the  inside  of  a  turbine  water  wheel  or  to  see  one 
of  those,  even  in  my  boyhood,  old  style  and  out  of  date  water 
wheels  which  stand  in  picturesque  decay  in  nearly  every  locality 
in  these  eastern  states.  I  wonder  how  many  of  you  have  seen 
cither  kind,  or  even  know  that  both  kinds  can  be  seen,  inside  and 
out,  in  our  own  neighborhood.  Water  wheels  are  perhaps  ^  «mall 
and  insignificant  matter,  t<x>  insignificant  to  warrant  a  trip  to 
ICaston^  it  may  be,  but  what  of  the  unparalleled  opportunity  which 


■  Till-  western  prairies,  except  in  the  very  center  of  the  Mississippi  valley, 
arr  oeaiiiifnlly  rolhnj;,  and  they  meet  every  stream  with  deeply  carved 
l)lii/fs.  In  the  early  days  every  stream  was  fringed  with  woods;  and  prairie 
and  woodland,  alike,  knew  nothini^  beyond  the  evenly  balanced  contest  of 
indJKinotjs  life;  and  then  there  came  a  succession  of  strange  epidemics  as 
our  atler  another  of  «>ur  noxious  weeds  gained  foothold  in  that  fertile 
l;md.  I  rrnieinb-r  well  several  years  when  dog-fennel  grew  in  every  nook 
and  eoriKT  of  my  home  town  in  Kansas;  then  after  a  few  years  a  variety 
o|  lliisile  grew  to  the  exclusion  of  every  other  uncultivated  thing;  and 
thin  ioII«»wed  a  curious  epidemic  of  tumble-weed,  a  low  spreading  annual 
which  broke  off  at  the  ground  in  the  fall  and  was  rolled  across  the  open 
tuuniiy  m  rf.imtless  nnlli(;ns  by  the  autumn  winds.  T  remember  well  my 
lirst  !«inc  "luugar  Ioum"  and  how  pretty  I  thought  it  was!  And  my  first 
(landelion,  and  of  that  I  have  never  changed  my  opinion! 

The  Kvtnrtr  had  a  few  days  previously  taken  several  small  boy  friends 
tn  I'.aston  to  see  a  large  water  wheel  which  was  being  repaired.  The  super- 
inUtidiUt  of  the  plant  put  on  overalls  and  w^ent  with  us  into  the  interior 
of  the  large  bnilerlike  casing  where  we  could  sec  and  touch  the  vital  parts 
<.f  til/  whc  1.  After  the  boys  had  examined  the  wheel,  one  of  them  perched 
liinisclf  -n  tin  topmost  part  in  the  dimlv  lighted  interior  and  said,  forgetful 
i>f  the  superinten<lent's  kindness,  "  Pshaw,  this  isn't  worth  coming  from 
liithlrhrm  fr»  see!  " 
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Bethlehem  boys  have  amid  the  varied  industries  of  the  Lehigh 
valley!  Do  you  care  nothing  to  know  about  these  things?  or  do 
you  imagine  that  they  are  too  complicated  for  you?  Whatever 
you  think,  you  must  run  them  yourselves  20  years  hence,  or  starve. 

I  wish  that  all  youngsters  might  have  access  to  the  places  where 
the  wild  flowers  grow  and  have  wide  opportunity  to  see  their  fathers 
at  work.  A  hundred  years  ago  these  things  were  really  within  the 
reach  of  every  boy  and  girl,  but  now,  alas,  many  a  bright  boy  has 
seen  no  other  manual  labor  than  the  digging  of  a  ditch  in  a  clut- 
tered street,  while  many  another,  stunted  in  skill,  has  almost 
become  a  part  of  the  machine  he  daily  tends,  and  Boyville  has 
become  a  paved  and  guttered  city,  high-walled,  desolate,  and  dirty ; 
with  here  and  there  a  vacant  lot  hideous  with  refuse  in  early  spring 
and  overwhelmed  with  an  increasing  pestilence  of  weeds  as  the 
summer  days  go  by,  and  the  strangest  thing  about  it  all  is  the  much 
too  matter-of-fact  tolerance  among  young  people  which  accepts 
unquestioningly,  and  even  with  manifestations  of  joy,  just  any  sort 
of  a  world  if  only  it  is  flooded  with  sunshine. 

I  remember  how  in  my  ow^n  l)oyhood  the  rare  advent  of  an  old 
tin  can  in  my  favorite  swimming  hole  used  to  offend  me,  wdiile  such 
a  thing  as  a  cast-off  shoe  was  simply  intolerable,  and  I  do  not 
wonder  that  the  unquenchable  delight  of  boys  in  out-of-door  life 
becomes  an  absolute  rage  in  its  indifference  to  the  dreadful  pol- 
lution of  the  streams  and  to  the  universal  pestilence  of  weeds  and 
refuse  in  our  thickly  populated  districts.  I  can  not  refrain  from 
quoting  an  amusing  poem  of  James  Whitcomb  Riley's  which  ex- 
presses, more  completely  than  anything  I  know,  the  delight  of 
boys  in  out-of-door  life  where  so  many  things*  happen  and  so 
many  things  lure,  and  you  can  easily  catch  in  the  swing  of  Riley's 
verse  that  wanton  note  which  is  ordinarily  so  fascinatingly  lK)yish 
but  which  may  too  easily  turn  to  a  raging  indifference  to  every- 
thing that. makes  for  purity  in  this  troubled  life  of  ours. 

THREE  JOLLY   HUNTERS 

O  llicrc  were  ihrcc  jolly  youngsters; 

And  a-hiinlinK   they  did  ro. 

With  a  seltcr-dog  and  a  pointer-dog 

And  a  yaller-dog  also. 

Looky  there! 

And  they   huntid   and  thev  hal-looed ; 
And  the  first  thing  they  did  find 
Was  a  dingling-dangling  hornet*s-nest 
A-swinging  in  the  wind. 
Looky  there! 


Ar^  U-J5  iric  '>c«  *i:fi   '  AiiC  it  x?  ' 

i    lit*-.    *<t'i   >t   X   iiC:. 

Ar.rt  r^i^  r^x;  v.xrj^  \zjrj  «larl  r*i^< 
i  i\;»'    .ir*x»r.«:«i  :r'',G-.  il-.tttr  j^zc 

fjjir  the  ''^:h<r-i  sai^    •»*!  «  n^tc  L>   p*'--?', 

i>y.k>  •heft: 

.V/  they  htrnud  au^  the>  hal-Iootd; 
And  the  next  thing  thty  did  sights 
Wi*  k.  great  wig  fnili-'ii-^g  chafing  thctn^ 
An/1  a  fariner  h^ffltrmg  "  SIcite !  ' 
jyy/ky  there! 

An/1  the  tJiH  '^/ne  .^airl  "  Hi-jinktnm!  " 

And  the  next  "  Hi-jinktam-jee! " 

AivJ  the  last  //fie  said,  "  Them  very  words 

li'a^  jti%t  /jccurrcd  to  me!*' 

|yi/>ky  there!     ^Sh/ming  the  tattered  seat  of  his  pants K 

'I  his  kind  of  hunting  ia,  I  assure  you,  better  than  the  kind  that 
utnU  a  giifi,  and  to  one  who  falls  into  the  habit  of  it.  the  gun 
i .  uuU'i'fl  a  iiseh-ss  Vf^A.  I  remember  a  day  1  spent  with  a  gun 
in  a  r^-niote  part  of  the  R/xrky  mountains  where,  during  the  25 
d;iy .  I  have  ramped  there  on  four  different  trips,  I  have  seen  as 
many  a-»  150  of  the  wiMe^t  of  animals,  the  Rocky  mountain  sheep, 
U'inj^  ahnosl  run  r>ver  once  by  a  group  of  five.  On  the  day  in 
^jiM-»tion  I  b<rame  so  inlere>led  in  killing  mosquitoes — 1  timed 
my^'lf  ;it  intervals  while  I  lay  in  ambush,  80  per  minute  for  three 
hours  making  an  honest  estimate  of  14,400 —  1  became  so  inter- 
V  .\vt\,  I  say,  that  the  sheep  came,  and  were  out  of  range  again 
b<fnr<'  I  saw  them,  anrl  I  was  hungry  too.  I  fancy  they  were 
not   fright rned  but  wished  the  good  work  to  go  on  undisturbed. 

loll  King  im  VValdc 
So  filer  niich  bin 
Tncl    Tiichts   zu    suclicn 
I>as  war  inciii  Sinn. 

What  I  liave  chiefly  in  mind,  however,  in  speaking  to  you  of 
thai  ^jrcat  s('h<M>l  of  the  Land  of  Out  of  Doors  is  what  is  nowadays 
aillnl  tuituvc  .stu<ly.     Do  any  of  you  like  candy?     Did  you  ever 
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consider  that  the  only  sweetmeat  our  forefathers  had  for  long 
thousands  of  years  was  wild  honey?  And  those  sour  times  —  if 
I  may  call  them  such  —  before  the  days  of  sugar  and  candy,  come 
much  nearer  to  us  than  many  of  you  realize,  for  I  can  remember 
my  own  grandfather's  tales  of  bee  hunting  in  Tennessee.  Just 
imagine  how  exciting  it  must  have  been  in  the  days  of  long  ago 
to  find  a  tree  loaded  with  candy!  A  bee  tree!  If  any  one  of 
you  were  to  go  back  with  me  to  the  wild  woods  of  Tennessee, 
some  thrill  of  that  old  excitement  would  well  up  from  the  depths 
of  your  soul  at  finding  such  a  tree,  even  if  you  were  the  son 
of  Huyler  or  a  nephew  of  the  sugar  trust.  You  may  wonder  what 
I  am  driving  at,  so  I  will  tell  you,  that  one  of  the  most  exciting 
experiences  of  my  boyhood  days  was  a  battle  with  a  colony  of 
bumblebees.  I  was  led  into  it  by  an  older  companion  and  the 
ardor  and  excitement  of  that  battle,  as  I  even  now  remember  it, 
are  wholly  inexplicable  to  me  except  I  think  of  it  as  a  representa- 
tion through  inherited  instinct  of  a  lo  thousand  years'  search  for 
wild  honey. 

It  is  my  firm  belief  that  nature  study,  as  the  natural  boy  knows 
it,  grows  out  of  the  play  of  emotions  and  activities  which  con- 
stitute instinctive  reactions  toward  natural  things,  hunting  and 
fishing,  digging  and  planting  in  the  spring,  nutting  in  the  fall,  and 
the  thousands  of  variations  which  these  things  involve,  and  I  believe 
that  the  play  of  instinct  is  the  only  solid  basis  of  growth  of  a  boy. 
I  believe,  furthermore,  that  the  very  essence  of  boy  humor  is 
bound  up  with  the  amazing  incongruity  of  his  instincts.  Have 
any  of  you  ever  fooled  a  dog  by  placing  him  on  a  false  scent, 
his  instinct  leading  him  astray?  It  is  not  easy  to  do,  but  done,  it 
is  mighty  funny,  and  any  decent  dog  enjoys  the  joke.  Was  there 
ever  a  boy  whose  instincts,  many  of  them  mere  fatuity  like  his 
digestive  appendix,  have  not  led  him  time  and  again  into  just  thin 
air,  to  say  nothing  of  water  and  mud !  For  my  part  I  have  never 
known  anything  more  supremely  funny  than  learning  what  a  hope- 
less mess  of  wood  pulp^  and  worms  a  bumblebee's  nest  really  is, 
except,  perhaps  seeing  another  boy  learn  the  same  stinging  lesson. 

The  use  of  formulas,  too,  is  unquestionably  instinctive,  and  we 
all  know  how  apt  a  boy  is  to  indulge  in  formulas  of  the  hocus- 


'  The  "  honeycomb "  of  the  bumblebee  is  made  of  the  paperlike  material 
which  wasps  build  their  nests  of,  and  every  cell  is  filled  with  a  big  fat  grub ! 
No  honey  there!  My  friend  Prof.  H:  S.  Carhart  assures  me,  however,  that 
he  has  had  better  luck  than  I  —  in  the  end. 
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pocus  sort,  like  Tom  Sawyer's  recipe  for  removing  warts  by  the 
combined  charm  of  black  midnight  and  a  black  cat,  dead;  and  a 
boy  arrives  only  late  in  his  boyhood,  if  ever,  to  some  sense  of  the 
distinction  between  formulas  of  this  kind  and  such  as  are  vital 
and  rational.  I  think  that  there  is  much  instruction  and  a  great 
deal  of  humor  connected  with  the  play  of  this  instinctive  tendency. 
I  remember  a  great  big  boy,  a  hired  man  on  my  grandfather's 
farm,  in  fact,  who  was  led  into  a  fight  witli  a  nest  of  hornets 
with  the  expectation  that  he  would  bear  a  charmed  skin  if  he 
shouted  in  loud  repetition  the  words  "  Jew's-harp,  jew's-harp." 

To  reproduce  for  the  city  boy  something  approaching  the  solid 
reality  and  exquisite  humor  of  the  country  boy's  life  is  the  .well-nigh 
hopeless  function  of  what  our  school  teachers  call  nature  study  and 
of  one  class  of  children  stories.  Many  storybooks  are  devoid  of 
this  vital  element  of  humor,  however,  in  that  they  relate  too  much 
to  the  complete  and  finished  deeds  of  grown-up  men.  Robinson 
Crusoe,  for  example,  never  appealed  very  strongly  to  me,  and,  I 
think,  for  this  reason  Mr  T.  B.  Aldrich's  Story  of  a  Bad  Boy  is,  I 
am  sure,  a  much  better  book. 

I  think  you  will  agree  with  me  that  nature  study  is  a  compli- 
cated and  elusive  thing  to  be  fully  achieved  only  in  the  green  school 
of  the  Land  of  Out  of  Doors ;  to  young  people  the  best  playhouse, 
and  to  older  people  an  endless  asylum  of  delight. 

The  grass  so  little  has  to  do, 
A  sphere  of  simple  ^jreeii 
With  only  butterflies  to  brood 
And  bees  to  entertain. 

And  stir  all  day  to  pretty  tunes 
The  breezes  fetch  along 
And  hold  the  sunshine  in  its  lap 
And  —  Ix^w  to  everything. 

.-\nd    thread    the    dew    all    night,    like    pearls. 

.\nd  make  itself  so  tine, 

.\  duchess  were  too  c-nimon 

Ft)r  such  a  noticing. 

And  e\cn  when  it  dies,  to  pass 
In  odors  so  divine 
.\s  l;>wly  spices  gone  to  sk-ep 
Or  amulets  of  pine. 

And  then  to  dwell  in  sovereign  barns 
And  dream  the  days  away 
The  grass  so  little  has  to  do  — 
I  wish  I  were  the  hay. 
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All  of  you  have,  no  doubt,  followed  what  I  have  said  concerning 
nature  study  with  some  degree  of  understanding,  or  at  least  with 
some  degree  of  amused  interest,  and,  I  assure  you,  that  I  do  not 
insist  on  the  distinction  between  these  two  points  of  view.  I  am 
quite  as  well  satisfied  with  the  one  as  with  the  other  in  dealing  with 
nature  study  in  which  the  element  of  humor  is  so  much  more  vital 
than  the  element  of  reason,  but  in  undertaking  to  express  my  views 
of  the  study  of  the  physical  sciences,  I  shall  be  subject  to  severe 
limitations  in  the  mode  of  my  appeal  to  you,  for  here  the  element 
of  humor  is  entirely  lacking  and  reason  alone  prevails. 

The  study  of  the  physical  sciences  does  not  depend  upon  the  play 
of  instinct  to  anything  like  the  extent  that  nature  study  does,  and 
you  all  realize  that,  while  the  elemental  study  of  physics  which 
consists  in  the  visiting  of  mills  and  factories  may  be  interesting 
to  any  boy,  it  is,  nevertheless,  devoid  of  the  peculiar  delight  that 
all  boys  find  in  hunting  and  fishing.  This  elemental  study,  the 
seeing  and  handling  of  things,  is  not,  however,  the  same  thing  as 
the  study  of  physics  in  school.  The  study  of  the  elementary  physi- 
cal sciences  in  school  is,  or  should  be,  imaginative  like  the  study  of 
geometry,  the  object  being  to  build  up  in  the  mind  of  the  student 
a  structure  of  notions  and  ideas  on  the  basis  of  which  he  may  be 
able  to  see  into  things. 

Another  aspect  of  the  difference  between  nature  study  and  the 
study  of  the  elementary  physical  sciences  relates  to  the  newness  of 
the  physical  sciences  as  a  phase  of  human  activity,  whereas  nature 
study,  the  kind  I  have  told  you  about,  is  as  old  as  the  race.  Tliis 
nature  study  is  really  a  recapitulation  in  the  growing  child  of  the 
entire  history  of  the  race,  while  the  study  of  physical  science, 
except  in  its  rudiments,  is  a  training  which  is  to  a  great  extent 
devoid  of  recapitulative  elements. 

What  I  wish  to  say  to  you,  however,  concerning  the  change  in 
your  mode  of  thought  which  must  take  place  be'fore  you  are  fully 
entered  into  the  life  which  modern  science  has  prepared  for  you, 
may  best  be  expressed  by  referring  to  the  life  history  of  a  remark- 
able little  animal,  the  axolotl,  a  kind  of  salamander,  which  lives  a 
tadpolelike  youth  and  never  changes  to  the  adult  form  unless  a 
stress  of  dry  weather  annihilates  his  watery  world;  but  he  lives 
always  and  reproduces  his  kind  as  a  tadpole,  and  a  very  funny 
looking  tadpole  he  is,  with  his  lungs  hanging  from  the  sides  of  his 
head  as  two  great  feathery  tassels,  brownish  in  tint,  from  the  red 
blood  inside  and  the  mud  that  settles  on  the  outside  of  the  tiny  tube- 
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like  streamers.  1  caught '  one  of  these  curious  creatures  when 
I  wa*s  a  IxA'  and  caged  it  in  an  aquarium,  and  I  wa>  greatly  inter- 
ested years  afterwar<l  to  learn  more  abtjut  it  and  to  be  told  that 
it  is  a  very  rare  animal  indee  1  in  my  native  state  althougii  plentiful 
en^nigh  in  Mexico.  When  the  aquatic  lK>me  of  the  axolotl  dries  up 
he  quickly  develop^  a  jmir  of  internal  lungs.  l<»p>  off  his  tassels,  and 
eml^rks  on  a  new  mode  of  life  on  land. 

J  f  you,  my  young  friends,  are  ever  to  develop  beyond  the  tadpole 
.stage  and  l>ecome  complete  men  according  to  the  fullest  present  day 
.significance  of  this  term,  you  must  meet,  with  quick  and  responsive 
inward  gro\%'th  that  new  and  increasing  stress  of  dryness  as  many 
men  arc  wont  to  call  our  modem  age  of  science  and  industry'. 

The  iK-st  way,  however,  to  characterize  the  study  of  physics  is 
U)  take  a  concrete  example.  With  this  object  in  view,  let  us  dis- 
cuss briefly  Xcwton's  laws  of  motion.  The  most  prominent  aspect 
of  all  phenomena  is  motion.  In  that  realm  of  nature  which  is  not 
of  man's  devising  motion  is  universal ;  ripple  of  brook,  and  gentle 
flow  of  river,  ocean's  swell  and  slow  recurrent  tide,  and  over  all, 
incessant  gusts  of  winrl  infinitely  varied.  In  the  other  realm  of 
nature,  the  realm  of  things  devised,  motion  is  no  less  prominent. 
Every  purjxisc  oi  our  practical  life  is  accomplished  by  movements 
of  the  body  and  by  directed  movements  of  tools  and  mechanisms, 
such  as  the  swing  of  scythe  and  flail,  and  those  studied  movements 
of  planer  and  lathe  from  which  are  evolved  strong  arm  of  steam 
shovel  and  deft  fingers  of  the  loom. 

The  laws  of  motion!  You,  my  young  friends,  must  have  in  some 
measure  my  own  youthful  view,  which,  to  tell  the  truth,  I  have 
never  wholly  lost,  that  there  is  something  absurd  in  the  idea  of 
reducing  the  more  complicated  phenomena  of  nature  to  an  orderly 
system  of  mechanical  law.  I'or,  to  speak  of  motion  is  no  doubt 
to  call  to  your  minds  first  of  all  the  phenomena  that  are  associated 


'  Sj)cakinK  <>f  catching  lliiiiKs  reminds  llic  writer  of  a  catfish  he  once  saw 
K:aspin>^  for  air  in  water  that  had  been  nmddied  hy  the  opening  of  a  sluice- 
way in  a  dam.  The  l)oy  swam  up  behind  the  fish,  jambcd  a  hand  into  each 
gill,  and  pushed  the  \\>h  ashore;  and  it  weighed  36  pounds!  Once  the 
writer,  rowing  around  a  sharp  bend  in  a  stream,  saw  a  sandhill  crane 
stalking  along  the  shore;  into  the  water  went  the  boy.  with  the  suddenly 
conceived  idea  that  he  coidd  catch  that  crane,  and,  swinuning  low,  he  reached 
the  shore  ai)oul  2(j  feet  from  the  bird,  jumped  (piickly  out  of  the  water, 
ma<le  a  sudden  dash,  and  the  bird  was  captured!  A  friend  of  the  writer 
named  Stebbins  once,  followed  bis  dog  in  a  chase  after  a  jack  rabbit.  The 
rabbit  ma»le  a  wide  circle  and  came  back  to  its  own  trail  some  distance 
ahiad  of  tin-  (Uyi:^,  made  a  sidewise  junip,  and  sat  booking  at  the  dog  as  it 
passed  by,  so  intently  indeed  that  Stebbins  walked  up  behind  tlie  rabbit  and 
\'tt!jjht  it   with  hi»i  hands. 
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with  the  excessively  complicated,  incessantly  changing,  turbulent 
and  tumbling  motion  of  wind  and  water.  These  phenomena  have 
always  had  the  most  insistent  appeal  to  us,  they  have  confronted 
us  everywhere  and  always,  and  life  is  an  unending  contest  with 
their  fortuitous  diversity  which  rises  only  too  often  to  irresistible 
sweeps  of  destruction  in  fire  and  flood,  and  in  calamitous  crash  of 
collision  and  collapse  where  all  things  mingle  in  one  dread,  fluid 
confusion.^ 

The  laws  of  motion !     When  I  was  a  boy  I  read  many  scientific 
books  with  great  interest,  but  I  never  could  quite  reconcile  myself 


The  subtlety  of  Nature  is  far  beyond  that  of  sense  or  of  the  under- 
standing; so  that  the  specious  meditations,  speculations  and  theories  of 
mankind  are  but  a   kind    of  insanity"  [Nvvum  Organum,  bk  I,  §  X]. 

There  is  at  the  present  time  a  general  awakening  in  philosophy  and 
many  scientific  men  seem  to  think  that  the  world-wide  talk  on  pragmatism 
is  simply  the  first,  long-delayed  response  of  the  great  mass  of  men  to 
the  compelling  philosophy  of  the  experimental  sciences,  but  it  seems  to 
the  writer  that  this  is  by  no  means  a  complete  diagnosis  of  the  situation 
because  some  of  the  most  striking  features  of  the  present  philosophical 
movement  are  to  be  found  in  the  transformation  or  reversion  which  the 
philosophy  of  the  exact  sciences  is  now  undergoing.  A  period  of  remark- 
able activity  in  the  physical  sciences  has  been  followed  by  a  revolution  in 
the  conduct  of  business  and  industry,  impressing  the  methods  of  the 
physical  sciences  upon  great  numbers  of  men,  and  the  reciprocal  effect  is 
a  growing  domination  of  the  exact  sciences  by  a  spirit  of  humanism,  as 
pragmatism  his  been  called  in  England.  Indeed  the  changes  which  human 
interests  as  a  whole  are  creating  in  the  philosophy  of  the  exact  sciences  are 
no  less  profound  and  significant  than  the  changes  which  the  physical  sciences 
have  brought  about  in  the  conditions  of  human  life. 

The  change  which  is  taking  place  in  the  philosophy  of  the  exact  sciences 
is  many  sided,  but  a  prominent  feature  of  it  is  the  passing  away  of  an 
old  point  of  view,  namely,  that  nature  is  exact  and  unvarying,  that  the 
so  called  laws  of  the  physical  sciences  are  ultimate  realities,  and  that  great 
simple  facts  of  the  pliysical  universe  are  revealed  in  their  perfection,  one 
after  another,  to  the  divining  spirit  of  mankind.  It  is  not  easy,  however, 
to  characterize  the  point  of  view  which  is  now  becoming  dominant.  In  one 
way  it  may  be  described  as  a  reenthronement  of  sense,  and  it  may  be 
exemplified  by  contrasting  the  introductory  articles  on  hydraulics  in  Frank- 
lin and  MacNutt's  Elements  of  Meehanies.  pages  218-25,  with  the  point  of 
view  of  the  author  of  one  of  our  best  modern  engineering  treatises  on 
hydraulics  as  indicated  by  the  following  extract :  "  Galileo  said  in  1630  that 
the  laws  conlrolling  the  motion  of  the  planets  in  their  celestial  orbits  were 
better  understood  than  those  governing  the  motion  of  water  on  the  surface 
of  the  earth.  This  is  true  today,  for  the  theory  of  the  How  of  water  in 
pipes  and  channels  has  not  yet  been  perfected."  [Italics  ours]  No!  and  it 
never  will  be  Perfected!  It  would  take  too  long  to  explain  here  just  what 
is  meant  by  this  declaration  for  indeed  it  has  nothing  to  do  with  the  fool 
idea,  if  indeed  it  can  be  called  an  idea,  that  "  the  finite  can  not  comprehend 
the  infinite "  so  that  "  we  may  not  presume  to  point  out  all  the  ways  in 
which  a  God  of  unbounded  resources  might  govern  the  universe."  From 
such  inanity  may  the  great  God  of  little  things  deliver  us! 

Every  student  should  realize  two  things  in  connection  with  the  study  of 
the  physical  sciences.  The  first  is  that  the  study  of  the  physical  sciences 
is  exacting  beyond  all  compromise,  and  the  second  is  that  the  completes! 
science  siands  abashed  before  the  infinitely  complicated  arrav  of  ohet\Q5x\«csa. 
of  the  material  world  except  only  in  the  'AssuT;v\Ace  vj\\\q\\  \\s  vcvoOcv^^  ^K^^^^t^- 


76  NEW   YORK   STATE  SCIENCE  TEACHERS  ASSOCIATION  [dEC  28 

to  a  certain  arrogant  suggestion  of  completeness  and  universality. 
The  laws  of  motion !  My  young  friends,  the  science  of  mechanics 
is  circumscribed  in  utter  repudiation  of  such  universal  phrase;  and 
yet  curiously  enough  the  ideas  which  constitute  the  laws  of  motion 
have  an  almost  unlimited  extent  of  legitimate  range,  and  these  ideas 
must  be  possessed  with  a  complete  precision  if  one  is  to  accjuire 
any  solid  knowledge  whatever  of  the  phenomena  of  motion, 
especially  in  the  realm  of  devices  which  so  serviceably  accomplish 
the  purposes  of  the  human  will,  for  in  this  realm,  at  least,  every- 
thing is  really  and  adequately  correlated  in  a  closely  woven  fabric 
of  reason. 

The  necessity  of  precise  ideas.  Herein  lies  the  impossibility  of 
compromise  in  the  teaching  of  the  physical  sciences  and  the  neces- 
sity of  constraint ;  one  must  think  so  and  so,  there  is  no  other  way. 
And  the  realm  of  precise  ideas,  that  is  the  region  I  intended  to 
symbolize  by  the  land  whereon  the  little  Mexican  tadpole,  the 
axolotl,  is  forced  to  live  by  unwelcome  stress  of  weather.  I  re- 
member as  a  boy  a  sharp  contest  in  my  own  mind  between  an 
extremely  vivid  sense  of  things  physical  and  the  constraining  func- 
tion of  precise  ideas.  This  contest  is  perennial,  and  it  is  by  no 
means  a  one-sided  contest  between  mere  crudity  and  refinement, 
for  refinement  ignores  many  things.  Indeed,  precise  ideas  not  only 
help  to  form  our  sense  of  the  world  in  which  we  live,  but  they 
inhibit  sense  as  well,  and  their  rigid  and  unchallenged  rule  would 
be  indeed  a  stress  of  dryness. 

The  laws  of  motion !  I  return  again  and  yet  again  to  the  subject, 
for  indeed  I  am  not  to  be  deterred  therefrom  by  any  concession  of 
inadequacy,  no,  or  by  any  degree  of  realization  of  the  vividness  of 
your  youthful  sense  of  those  things  which,  to  suit  my  narrow  pur- 
pose, must  be  stripped  completely  bare.  It  is  unfortunate  however 
for  my  purix)se  that  the  prevailing  type  of  motion,  the  flowing  of 
'water  and  the  blowing  of  wind  are  useless  as  a  basis  for  the 
establishment  of  the  simple  and  precise  ideas  which  are  called  the 
laws  of  motion  and  which  are  the  most  important  of  the  funda- 
mental principles  of  physics.  These  ideas  have  in  fact  grown  out 
of  the  study  of  the  simple  phenomena  which  are  associated  with 
the  motion  of  bodies  in  bulk,  without  perceptible  change  of  form, 
the  motion  of  rigid  lx)dies,  so  called;  and  these  ideas  are  limited 
in  their  strict  application  to  these  simple  phenomena. 

1 5c fore  narrowing  down  the  scope  of  my  discussion,  however,  let 
me  illustrate  a  very  general  application  of  the  simplest  idea  of 
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motion,  the  idea  of  velocity.  You  all  have,  no  doubt,  an  idea  of 
what  is  meant  by  the  velocity  of  the  wind,  and  a  sailor,  having  what 
he  calls  a  10  knot  wind,  knows  that  he  can  manage  his  boat  with  a 
certain  spread  of  canvas  and  that  he  can  accomplish  a  certain  portion 
of  his  voyage  in  a  given  time;  but  an  experienced  sailor,  although 
he  speaks  glibly  of  a  10  knot  wind,  belies  his  speech  by  taking 
wise  precaution  against  every  conceivable  emergency.  He  knows 
that  a  10  knot  wind  is  by  no  means  a  sure  or  a  simple  thing,  with 
its  incessant  blasts  and  whirls ;  and  a  sensitive  anemometer,  having 
more  regard  for  minutiae  than  any  sailor,  usually  registers  in  every 
wind  a  number  of  almost  complete  but  excessively  irregular  stops 
and  starts  every  minute,  and  variations  of  direction  that  sweep 
round  half  the  horizon! 

We  must,  as  you  see,  direct  our  attention  to  something  simpler 
than  the  wind.  Let  us  therefore  consider  the  drawing  of  a  wagon 
or  the  propulsion  of  a  boat.  It  is  a  familiar  experience  that  effort 
is  required  to  start  a  body  moving,  and  that  continued  effort  is 
required  to  maintain  the  motion.  Certain  very  simple  facts  as  to 
the  nature  of  this  effort,  as  to  the  amount  of  effort  required  to 
produce  motion,  and  as  to  the  conditions  determining  the  amount 
of  effort  required  to  keep  a  body  in  motion  were  discovered  by 
Sir  Isaac  Newton  and  these  facts  are  called  the  laws  of  motion. 

The  effort  required  to  start  a  body  or  to  keep  it  moving  is  called 
force.  Thus  if  I  start  a  box  sliding  along  a  table,  I  am  said  to 
exert  a  force  on  the  box.  I  might  accomplish  the  same  effect  by 
interposing  a  stick  between  my  hand  and  the  box,  in  which  case  I 
would  exert  a  force  on  the  stick  and  the  stick  in  its  turn  would 
effect  a  force  on  the  box.  We  thus  arrive  at  the  notion  of  force 
action  between  inanimate  bodies,  between  the  stick  and  the  box  in 
this  case,  and  Newton  pointed  out  that  the  force  action  between 
two  bodies  A  and  B  always  consists  of  two  equal  and  opposite  forces. 
That  is  to  say,  if  body  A  exerts  a  force  on  B,  then  B  exerts  an 
equal  and  opposite  force  on  A,  or,  to  use  Newton's  words,  "Action 
is  equal  to  reaction  and  in  a  contrary  direction." 

I  might  have  led  up  to  a  statement  of  this  fact  by  considering 
the  force  with  which  I  push  on  the  box  and  the  equal  and  opposite 
force  with  which  the  box  pushes  back  on  me,  but  if  I  do  not  wish  to 
introduce  the  stick  as  an  intermediary,  it  is  much  better  to  speak  of 
the  force  with  which  my  hand  pushes  on  the  box  and  the  equal  and 
opposite  force  with  which  the  box  pushes  back  on  my  hand,  because, 
in  discussing  physical   things,   it   is  of  the  utmost  importance  to 
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eliminate  the  personal  element.  I  d«j  not  think  that  I  shall  find  a 
l>etter  ojjp'jrtunity  hj  explain  to  you  further  what  I  mean  by  the 
reference  1  have  made  to  the  curious  life  hi^tor)*  of  the  little 
Mexican  salamander,  the  axolotl.  It  is  that  our  modern  industrial 
life,  in  bringing  men  face  to  face  with  an  entirely  unprecedented 
array  of  intricate  mechanical  and  physical  problems,  demands  of 
every  one  a  great  and  increasing  amount  of  dry,  impersonal  think- 
ing, and  that  the  precise  and  rigorous  modes  of  thought  of  the 
mr^rlern  physical  sciences  are  being  forced  upon  widening  circles  of 
men  with  a  relentlc>>  insistence  which  must  soon  give  them  complete 
and  universal  domini<jn  in  those  realms  of  tliought  which  have  to 
(\i}  with  the  harder  and  more  exacting  aspects  of  man's  relations  to 
physical  things. 

When  we  examine  into  the  conditions  under  which  a  body  starts  to 
nK>vc  anrl  the  conditions  under  which  a  body  once  started  is  kept  in 
moti^>n,  we  shall  come  across  a  very  remarkable  fact,  if  we  arc 
careful  to  c< insider  every  force  which  acts  upon  the  body,  and  this 
remarkable  fact  is  that  the  forces  which  act  upon  a  body  which 
remains  at  rest  are  related  to  each  other  in  precisely  the  same  way 
as  the  f<jrces  which  act  upon  a  body  which  continues  to  move 
steadily  along  a  straight  path.  Therefore,  it  is  convenient  to  con- 
sider, first  the  relation  between  the  forces  which  act  upon  a  body  at 
rest,  or  uj^on  a  Ix^dy  in  uniform  motion,  and  then  to  consider  the 
relation  between  the  forces  which  act  upon  a  body  which  is  starting 
or  stripping  or  changing  the  direction  of  its  motion. 

.Stipjjose  one  <;f  you  were  to  hold  a  box  in  mid-air.  To  do  so  it 
wonlrl  be  necessary  for  you  to  push  up  on  the  box  so  as  to  balance 
the  d(Avnvvanl  pull  of  the  earth,  the  weight  of  the  box  as  we  call  it. 
i'lirthcrniore,  if  I  were  to  take  hold  of  the  box  and  pull  it  in  any 
dircftioii,  you  would  have  to  exert  an  equal  pull  on  the  box  in  the 
opposite  rjirectiijn  to  keep  the  box  stationary.  That  is  to  say.  the 
forces  which  act  upon  a  statitmary  body  are  always  balanced. 

{•"very  onv,  perhaps,  realizes  that  what  I  have  said  about  the 
balancerl  relation  of  the  forces  which  act  upon  a  stationary  box,  is 
erjiially  true  of  the  forces  which  act  on  a  lx)x  similarly  held  in  a 
s|e;ulily  moving  car  or  boat.  Therefore,  the  forces  which  act  upon 
:i  body  vvhieh  moves  steadily  along  a  straight  path  are  balanced. 

This  is  evidently  true,  as  I  have  pointed  out,  when  the  moving 
body  is  surnuinded  on  all  sides  by  things  which  are  moving  along 
with  it,  as  a  car  or  a  boat;  but  how  about  a  Ixxly  which  moves 
.s/(v/di)y  in  a  straight  i)ath  but  which  is  surrounded  by  bodies  which 
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do  not  move  along  with  it  ?  You  know  that  some  active  agent  such 
as  a  horse  or  a  steam  engine  must  pull  steadily  upon  such  a  body  to 
keep  it  in  motion,  and  you  know  that  if  left  to  itself  such  a  moving 
body  quickly  comes  to  rest.  No  doubt  you  have  reached  this  further 
inference  from  your  experience  that  this  tendency  of  moving  bodies 
to  come  to  rest  is  due  to  the  dragging  forces,  or  friction,  with 
which  surrounding  bodies  act  upon  a  body  in  motion.  Thus  a 
moving  boat  is  brought  to  rest  by  the  drag  of  the  water  when  the 
propelling  force  ceases  to  act;  a  train  of  cars  is  brought  to  rest 
because  of  the  drag  due  to  friction  when  the  pull  of  the  locomotive 
ceases;  a  box  which  is  moved  across  a  table  quickly  comes  to  rest 
when  left  to  itself,  because  of  the  drag  due  to  friction  between  the 
box  and  the  table. 

We  must,  therefore,  always  consider  two  distinct  forces  when  we 
are  concerned  with  a  body  which  is  kept  in  motion,  namely,  the 
propelling  force  due  to  some  active  agent  such  as  a  horse  or  an 
engine,  and  the  dragging  force  due  to  surrounding  bodies.  Newton 
pointed  out  that  when  a  body  is  moving  steadily  along  a  straight 
path,  the  propelling  force  is  always  equal  and  opposite  to  the  drag- 
ging force.  Therefore  the  forces  which  act  upon  a  body  which  is 
stationary,  or  which  is  moving  uniformly  along  a  straight  path, 
are  balanced  forces. 

I  imagine  that  you  will  hesitate  to  accept  as  a  fact  the  complete 
and  exact  balance  of  propelling  and  dragging  forces  on  a  body 
which  is  moving  steadily  along  a  straight  path  in  the  open.  All  I 
can  say  is  that  direct  experiment  shows  it  to  be  true,  and  that  the 
most  elaborate  calculations  and  inferences  based  upon  this  notion 
of  the  complete  balance  of  propelling  and  dragging  forces  on  a 
body  in  uniform  motion  are  verified  by  experiment.  You  may  ask, 
why  should  a  canal  boat,  for  example,  continue  to  move  if  the  pull 
of  the  mule  does  not  exceed  the  drag  of  the  water ;  but  why  should 
it  stop  if  the  drag  does  not  exceed  the  pull?  You  understand  that 
we  are  not  considering  the  starthig  of  the  boat.  The  fact  is  that 
the  conscious  eflfort  which  one  must  exert  even  to  drive  a  mule, 
the  cost  of  the  mule,  and  the  expense  of  his  keep,  are  what  most 
people  think  of,  however  hard  one  tries  to  direct  their  attention 
solely  to  the  state  of  tension  of  the  rope  that  hitches  the  mule  to 
the  boat  after  the  boat  is  in  full  motion;  and  most  people  come 
upon  the  idea  that  if  the  function  of  the  mule  is  simply  to  balance 
the  drag  of  the  water  so  as  to  keep  the  boat  from  stopping,  then 
why  should  there  not  be  some  way  to  avoid  the  cost  oi  ^o  vs\sv5ex\^- 
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cant  an  operation  ?  There  is,  indeed,  an  extremely  important  matter 
involved  here  which  we  will  consider  when  we  come  to  the  dis- 
cussion of  work  and  energ\';  but  it  has  no  bearing  on  the  matter 
of  the  balance  of  propulsion  and  drag  on  a  body  which  moves 
steadily  along  a  straight  path. 

I^t  us  now  consider  the  relation  between  the  forces  which  act 
upon  a  body  which  is  changing  its  speed,  upon  a  body  which  is 
being  started  or  stopped,  for  example.  I  suppose  that  you  have 
noticed  how  a  mule  strains  at  his  rope  when  starting  a  canal  boat, 
especially  if  the  boat  is  heavily  loaded,  and  how  the  boat  continues 
to  move  for  a  long  time  after  the  mule  ceases  to  pull.  In  the  first 
case,  the  pull  of  the  mule  greatly  exceeds  the  drag  of  the  water, 
and  the  speed  of  the  boat  increases;  and  in  the  second  case,  the 
drag  of  the  water  exceeds  the  pull  of  the  mule,  for  the  mule  is  not 
pulling  at  all,  and  the  speed  of  the  boat  decreases.  Wlien  the  speed 
of  a  body  is  changing,  the  forces  which  act  on  the  body  are  un- 
balanced ;  we  may  conclude  that  the  effect  of  an  unbalanced  force 
acting  on  a  body  is  to  change  the  velocity  of  the  body;  and  it  is 
evident  that  the  longer  the  unbalanced  force  continues  to  act  the 
greater  the  change  of  velocity.  Thus  if  the  mule  ceases  to  pull  on 
a  canal  boat  for  one  second,  the  velocity  of  the  boat  will  be  but 
slightly  reduced  by  the  unbalanced  drag  of  the  water,  whereas  if 
the  mule  ceases  to  pull  for  two  seconds  the  decrease  of  velocity  will 
be  much  greater.  In  fact  the  change  of  velocity  due  to  a  given 
unbalanced  force  is  i)roportional  to  the  time  that  the  force  continues 
to  act.  This  is  exemplified  by  a  body  falling  under  the  action  of 
the  unbalanced  pull  of  the  earth ;  after  one  second  it  will  have 
gained  a  certain  amount  of  velocity  (about  32  feet  i^er  second), 
after  two  secon<ls  it  will  have  made  a  ti>tal  gain  of  twice  as  much 
vei^Krity  ral>out  64  feet  per  second )  and  so  on.  Furthermore,  since 
the  velocity  produced  by  an  unbalancerl  force  is  proportional  to  the 
time  that  the  force  continues  to  act.  it  is  evident  that  the  effect  of 
the  force  should  be  s|)ecifiecl  as  s<>  much  velocity  produced  per 
second,  exactly  as  in  the  case  of  earning  money:  the  amount  one 
earns  is  proportional  to  the  length  oi  time  that  one  c<mtinues  to 
work,  and  we  always  specify  one's  earning  capacity  as  so  much 
money  earne<l  per  day. 

Every  one  knows  what  it  means  to  give  an  easy  pull  or  a  hard  pull 
on  a  bo^-ly.  That  is  to  say.  we  all  have  the  ideas  of  greater  or  less 
as  af»f»licd  to  fr»rces.  Everybody  knows  also  that  if  a  mule  pulls 
hard  at  a  canal  boat,  the  boat  will  get  under  way  more  quickly  than 
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if  the  pull  is  easy,  tliat  is,  the  lK)at  will  gain  more  velocity  per  unit 
of  time  under  the  action  of  a  hard  pull  than  under  the  action  of 
an  easy  pull.  Therefore,  any  precise  statement  of  the  effect  of 
an  unbalanced  force  on  a  given  body  must  correlate  the  precise 
value  of  the  force  and  the  exact  amount  of  velocity  produced  per 
unit  of  time  by  the  force.  This  seems  a  very  difficult  thing,  but  its 
apparent  difficulty  is  very  largely  due  to  the  fact  that  as  yet  we 
have  not  agreed  as  to  what  we  are  to  understand  by  the  statement 
that  one  force  is  precisely  three,  or  four,  or  any  number  of  times 
as  great  as  another.  Suppose,  therefore,  that  we  agree  to  call  one 
force  twice  as  large  as  another  when  it  will  produce  in  a  given  body 
twice  as  much  velocity  in  a  given  time  (remembering  of  course 
that  we  are  now  talking  about  unbalanced  forces,  or  that  we  are 
assuming  for  the  sake  of  simplicity  of  statement  that  no  dragging 
forces  exist).  As  a  result  of  this  definition  we  may  state  that  the 
amount  of  velocity  produced  per  second  in  a  given  body  by  an 
unbalanced  force  is  proportional  to  the  force. 

Of  course  we  know  no  more  about  the  matter  in  hand  than  we 
did  before  we  adopted  the  definition,  but  we  do  have  a  good  illus- 
tration of  how  important  a  part  is  played  in  the  study  of  science  by 
what  we  may  call  making  up  one's  mind,  in  the  sense  of  putting 
one's  mind  in  order.  This  kind  of  thing  is  very  prominent  in  the 
study  of  elementary  physics,  and  by  that  rather  indefinite  reference, 
in  my  story  of  the  little  tasseled  salamander  to  an  inward  growth 
so  needful  to  you  before  y(5u  can  hope  for  any  measure  of  success 
in  our  modern  world  of  scientific  industry,  I  meant  to  refer  to  this 
thing,  the  "  making  up  "  of  one's  mind.  Nothing  is  so  essential  in 
the  acquirement  of  exact  and  solid  knowledge  as  the  possession  of 
precise  ideas,  not  indeed  that  a  perfect  precision  is  necessary  as  a 
means  for  retaining  knowledge  but  that  nothing  else  so  effectually 
opens  the  mind  for  the  perception  even  of  the  simplest  evidences 
of  a  subject.  Opens  the  mind,  that  is,  for  those  things  which  are 
conformable  to  or  consistent  with  the  ideas.  The  history  of  science 
presents  many  cases  in  which  accepted  ideas  have  closed  the  mind 
to  contrary  evidences  for  many  generations.  Let  young  men 
beware !  ^ 


'  This   ends   the   abstract    from   the   lecture  to   the  older   scholars  of  the 
Bethlehem  schools. 
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The  study  of  physical  science  considered  as  a  transformation 

of  the  mind 

To  teach  the  physical  sciences  effectively  is,  1  believe,  to  com- 
pletely transform  the  mind  of  a  young  man,  and  I  think  that  this 
transformation  is  a  reorganization  of  the  rich  materials  of  t!ic 
primitive  mind  of  a  boy.  Every  one  is,  of  course,  familiar  with 
the  life  history  of  a  butterfly,  how  it  lives  at  first  as  a  caterpillar 
anri  then  undergoes  a  complete  transformation  into  a  winged  insect. 
It  is  of  course  evident  that  the  bodily  organs  of  the  caterpillar  are 
not  at  all  suiterl  to  the  needs  of  the  butterfly,  the  very  food  (of 
tlv>se  species  which  take  food)  being  entirely  different.  As  a  matter 
of  fact,  almost  every  p<3rtion  of  the  IxKlily  structure  of  the  butterfly 
is  dissolved,  as  it  were,  into  a  formless  pulp  at  the  beginning  of  the 
transformation,  and  the  organization  of  a  flying  insect  then  grows 
out  from  a  central  nucleus  very  much  as  a  chicken  grows  in  the 
food  stuff  of  an  egg.  So  it  is  in  the  development  of  the  modern 
mind.  In  early  childhood,  if  the  individual  has  been  favored  by 
fortune,  he  exercises  and  develops  more  or  less  extensively  the 
primitive  instincts  and  modes  of  the  race  in  a  free,  outdoor  life, 
and  the  result  is  so  much  mind  stuflf  to  be  dissolved  and  transformed 
with  more  or  less  coercion  and  under  more  or  less  constraint  into 
an  effective  mind  of  the  20th  century  type. 

Nothing  is  more  completely  established  in  psychology  nowadays 
than  that  ideas  can  not  be  formed  out  of  the  clear  sky,  as  it  were. 
They  must  lx»  built  of  stuflf,  and  the  rational  study  of  the  physical 
sciences  especially  in  its  earlier  stages  is  the  transformation  of 
simple  intimate  knowledge  into  general  ideas.  All  elemental  knowl- 
edge, such  as  the  knowing  how  to  throw  a  ball,  how  to  ride  a  bicycle, 
how  to  swim,  or  how  to  use  a  tool,  is  locked  in  the  marginal  region 
of  the  mind  (the  region  of  reflexes)  as  a  very  substantial  but  very 
highly  specialized  kind  of  intuition,  and  the  problem  of  the  teaching 
of  elementary  physical  science  is  the  problem  of  how,  by  verbal 
and  concrete  suggestion,  to  drag  this  material  into  the  field  of  con- 
sciousness* where  it  may  be  transformed  into  a  generalized  logical 


'  riic  writer  has  lia<l  an  cxpcriL'iicc  in  tlicsc  matters  which,  he  believes, 
is  vtry  unusual.  ICvcry  attempt  he  has  ever  made  to  develop  muscular 
skill,  as  in  playing  hall  or  tennis,  has  seemed  to  he  disturbed  by  a  sort  of 
meddling  consciousness,  lie  remembers  the  attempt  made  in  1875  to  learn 
manual  teK«ra|)hy,  in  which  a  brother  and  a  sister  became  expert,  whereas 
his  own  sending  was  always  spasmodic  and  uncertain  in  character,  and 
never  for  a  moment  free:  and  the  same  has  alwavs  been  true  of  his  ball 
anil  tennis  playing.  I'ut  the  instincts  of  a  lish  I  These  seem  to  be  deeply 
seated  indeed,  for  the  writer  has  never  seen  the  person  to  whom  he  would 

eld  \n  the  matter  of  swimming! 
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structure  having  traffic  relations  with  every  department  of  the  mind. 
An  abstract  treatment  of  the  principles  of  elementary  physics,  tends 
more  than  anything  else,  to  inhibit  the  influx  of  this  elemental 
knowledge  from  the  marginal  regions  into  the  field  of  consciousness 
and  results  in  the  building  up  of  a  theoretical  structure  which  can 
have  no  effectual  traffic  with  any  mental  field  beyond  its  own  narrow 
boundaries.  Such  a  state  of  mind  is  nothing  but  a  kind  of  idiocy, 
and  to  call  it  a  knowledge  of  elementary  science  is  weak  scholas- 
ticism. 

There  are  in  my  opinion  two  chief  errors  prevalent  among  teach 
ars  of  the  physical  sciences,  an  error  of  assumption  and  an  error 
of  perversion,  and  I  will  explain  each  in  terms  of  an  example.  A 
short  time  ago  a  friend  of  mine,  in  speaking  of  his  method  of  dis- 
cussing the  subject  of  sliding  friction  in  class,  said  that  he  placed 
on  the  blackboard  a  sketch  of  a  block  resting  on  a  moderately 
smooth  plane  and  then  asked  the  class  to  consider  the  force  neces- 
sary to  move  it  up  or  down.  Now,  I  have  found  it  possible  to  use, 
in  class  discussion,  a  student's  experience  of  a  severe  jerk  when  he 
boards  a  rapidly  moving  car,  his  experience  of  the  great  effort 
required  at  the  starting  of  a  heavy  lx)at,  his  experience  of  the  steady 
pull  required  to  keep  a  boat  in  motion,  and  many  other  elemental 
experiences  of  this  kind ;  but  I  have  found  that  the  utterly  confused 
experiences  which  every  man  has  as  to  the  opposing  forces  which 
act  upon  solid  bodies  when  starting  or  when  in  motion,  make  it 
impossible  to  bring  a  simple  case  like  the  above  into  the  mind  of  the 
student  by  any  amount  of  verbal  suggestion.  I  believe  that  any 
discussion  of  the  approximate  laws  of  friction  between  moderately 
smooth  bodies  must  be  based  upon  an  actual  experiment  by  the 
student  carried  out  under  the  very  simple  conditions  as  specified. 
The  very  simple  experience  which  it  is  desired  to  use  in  this  case 
is  hopelessly  involved  among  the  infinitely  complicated  and  variable 
experiences  which  men  have  as  to  the  obstruction  of  motion  or 
solid  bodies.  It  is  a  serious  mistake  in  the  teaching  of  elementary 
physical  sciences  to  assume  a  specialized  form  of  experience  on  the 
part  of  the  student.  Elemental  experience  exists  in  superabund- 
ance, specialized  experience  is  rare. 

Some  time  ago  an  incident  occurred  in  the  classroom  of  one  of 
our  best  teachers  of  mathematics  who  is  charged  also  with  the 
teaching  of  elementary  mechanics.  The  subject  of  projectiles  being 
up  for  discussion,  a  rather  stupid  student  was  called  sharply  to 
account    with    the    question,    "What    is    a    projectile,   anyway?" 
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••  Would  you  l>e  a  jirojeclilc  if  I  were  to  pitch  you  out  of  the 
window?  "  "  Yes,"  replied  the  young  man  hesitatingly,  and  he  was 
met  with  the  instant  response  "  Xo,  you  wouldn't.  A  projectile  is 
a  material  particle."  Xow,  a  material  particle  is  nothing  but  an 
i'iea,  and  it  stanrls  for  our  agreement  with  ourselves  to  consider 
only  the  translatory  motion  of  the  borly  we  are  studying.  It  is 
very  fiesirable  inrleed  to  express  ideas  in  objective  terms  as  if  the 
irkas  existed  physically,  thus  we  speak  of  the  material  particle,  of 
the  r\^'u\  Ixxly,  of  the  perfectly  elastic  solid,  of  the  frictionless  in- 
compres>il>Ic  fluid,  of  the  i)erfect  gas,  of  the  atom,  of  the  molecule, 
and  Si)  on.  Helmholtz  says,  indeed,  that  "  It  is  a  great  advantage 
for  the  sure  understanding  of  all  abstractions  if  one  seeks  to  make 
the  most  concrete  iK>ssible  pictures  of  them.*'  The  use  of  objective 
terms  in  s|)eaking  of  abstractions,  however,  is  apt  to  bring  about 
that  confusion  of  bounriaries  between  our  logical  stnictures  and  the 
objective  realms  of  reality,  which,  according  to  Munsterberg,  is  the 
gravest  danger  of  our  time,  and  there  can  be  no  doubt  but  that  one 
of  the  greatest  errors  in  the  teaching  of  the  elementary  physical 
sciences  is  precisely  this  confusion  of  boundaries.  Ideas  must  be 
recognized  as  ideas,  and  their  application  must  not  be  totally  in- 
hibited by  our  thinking  of  them  as  the  things  to  which  they  them- 
Nclvcs  apply.  The  idea  of  a  material  particle  is  applicable  to  any 
material  system,  however  complicated,  however  turbulent,  for,  :n 
fact,  we  may.  if  we  choose,  direct  our  attention  to  the  translatory 
motion  of  sucli  a  system.  If  one  were  to  twirl  a  wriggling  eel  in 
a  circular  path  at  the  end  of  a  length  of  fish  line,  one  would  find 
the  idea  r,f  a  material  particle  useful  in  describing  certain  aspects 
of  the  motirni,  although  the  behavior  of  an  eel  under  the  pushing 
and  pulling  eiTorts  of  a  fisherman  to  disengage  it  from  the  hook, 
does.  I  admit,  transcend  the  idea  of  a  material  particle. 
.  **  ( )ur  method,"  says  l>acon,  '*  is  continually  to  dwell  among  things 
soherly,  without  abstracting  or  setting  the  mind  further  from  them 
than  makes  their  images  meet,"  and,  "  the  capital  precept  for  the 
whole  undertaking  is  that  the  eye  of  the  mind  be  never  taken  off 
from  things  themselves,  but  receive  their  images  as  they  truly  are, 
and  (lod  forbid  that  we  should  offer  the  dreams  of  fancy  for  a 
model  of  the  world." 

In  order  that  T  may  be  able  to  specify  in  a  general  way  what  it 

is  that  is  to  be  built  up  in  the  mind  of  a  young  man  by  the  rational 

study  of  the  physical  sciences,  let  me  distinguish  two  chief  results 

fff  tlic  scientific  activity  of  the  last  half  century,  namely,  (i)  an 

accumulated  mass  of  fact,  under  >N\v\d[v  Vv^?.dm^  I  would  include  all 
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of  the  details  of  applied  science,  for  indeed  the  most  important  and 
compelling  facts  that  have  been  accumulated  by  the  sciences  are 
the  facts  which  are  incorporated  in  the  settled  doings  of  men;  and 
(2)  an  established  mode  of  thought  and  inquiry  which  may  be  desig- 
nated, using  a  suggestive  phrase  of  Bacon's,  as  "A  new  engine,  or 
a  help  to  the  mind  corresponding  to  tools  for  the  hand." 

We  continually  force  upon  the  extremely  meager  data  obtained 
directly  through  our  senses  an  interpretation  which  in  its  complexity 
and  penetration  would  seem  to  be  entirely  incommensurate^  with 
the  data  themselves,  and  we  exercise  over  physical  things  a  kind  of 
rational  control  which  transcends  the  native  cunning  of  the  hand. 
The  possibility  of  this  forced  interpretation  and  of  this  rational 
control  depends  upon  the  use  of  two  complexes,  (a)  a  logical  struc- 
ture, that  is  to  say,  a  body  of  mathematical  and  conceptual  theory 
which  is  brought  to  bear  upon  the  immediate  materials  of  sense, 
and  (b)  a  mechanical  structure,  that  is  to  say,  either  (i)  a  care- 
fully planned  arrangement  of  apparatus  such  as  is  always  used  in 
making  measurements,  or  (2)  a  carefully  planned  order  of  opera- 
tions such  as  the  successive  operations  of  solution,  reaction,  pre- 
cipitation, filtration  and  weighing  in  chemistry. 

These  two  complexes  do  indeed  constitute  a  ''  new  engine  "  which 
helps  the  mind  as  tools  help  the  hand ;  it  is  through  the  operation 
of  this  engine  that  the  interpretations  and  control  of  the  physical 
sciences  are  made  possible;  and  the  study  of  elementary  physics  is 
intended  to  lead  to  the  realization  of  this  new  engine  (i)  by  build- 
ing up  in  the  mind  the  logical  structure  of  the  physical  sciences, 
(2)  by  training  in  the  making  of  measurements  and  especially  in 
the  performance  of  ordered  operations,  and  (3)  by  exercises  in  the 
application  of  these  things  to  the  actual  phenomena  of  physics  and 
chemistry  at  every  step  and  all  the  time  with  every  possible 
variation. 


'  For  cxaniplc  an  astronomer  listens  to  the  beats  of  a  clock  as  he  watches 
a  spot  of  iif?ht  move  across  the  field  of  a  transit  circle,  noting  the  time 
of  transit  across  the  middle  cross  hair,  and  then  he  notes  the  reading  of 
the  divided  circle.  This  he  does  three  times  in  succession,  and  from  this 
data  he  determines  the  orbit  of  the  spot  of  light  (a  comet)  around  the 
sun,  predicting  when  it  will  come  nearest  to  the  sun  and  how  far  away 
it  will  be.  when  it  will  return,  and  so  on.  The  chemist  can  see  the  color 
of  a  solution  or  precipitate  and  he  can  perceive  its  odor  and  taste,  and 
above  all  he  can  weigh  it,  but  he  can  not  do  much  besides,  and  any  one 
who  is  familiar  with  the  results  of  organic  chemistry,  as  represented  in 
the  modern  benzene  theory  for  instance,  must  realize  that  they  are  little 
short  of  marvelous.  The  recent  work  of  Rutherford  and  others  on  radio- 
activity, again,  is  based  on  what  would  seem  to  be  an  absurdly  slender 
group  of  observable  effects. 
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The  process  of  biiiMing  up  the  logical  stnicturc  of  the  physical 
sciences  is  very  largely  the  rehabilitation  of  the  sensuuus  elements 
of  the  mind  in  relations  which  are  continuously  new.  The  possi- 
bility of  this  process  has  grown  up  as  a  human  faailty  almost  solely 
on  the  basis  of  language.  Definite  parts  of  the  sensuous  content 
of  the  mind  become  fixedly  associated  with  definite  words,  and  the 
reapplication  of  old  words  on  the  sliding  scales  of  similitude  and 
analogy,  rehabilitates  the  old  materials  of  the  mind  in  ever  widening 
relations.  But  a  large  part  of  simple  theoretical  physics  is  con- 
structed out  of  sensuous  elements  which  are  not  habitually  and 
fixedly  associated  with  verbal  forms  of  expression,  and  it  is  im- 
pos.^ible  to  marshal  these  elements  in  any  other  way  than  by  direct 
appeal,  by  sight  or  feeling,  to  the  actual  things  which  correspond  to 
them.  1  refer  here  to  the  purely  mechanical  aspects  of  elementarj' 
physics,  and  to  the  degree  to  which  a  mechanical  sense  fonns  the 
basis  of  the  logical  structure  of  the  whole  of  physics  and  chemistry. 
Most  men  seem  to  imagine  indeed  that  a  physical  theory  is  a  vague 
sort  oi  analogy  between  strongly  anthropomorphic  ideas  and  hazy 
generalities  of  things,  but  the  fact  is  that  a  physical  theory  comes 
very  near  indeed  to  being  a  mechanical  mo'lel  or  a  machine.  The 
m(jlccular  theory  in  chemistry,  for  example,  is  as  truly  a  mechanism 
as  a  hxromotive,  except  that  a  locomotive  must  be  actually  con- 
structed to  be  used,  whereas  the  molecular  theory  need  only  be 
imagined.  Let  no  one  suppose,  however,  that  it  is  as  easy  to  im- 
agine the  molecular  theory  as  it  is  to  build  a  locomotive ! 

The  notion  seems  to  be  widely  prevalent  that  the  logical  struc- 
ture of  the  i)hysical  sciences  is  a  structure  of  mathematical  functions 
and  formulas;  but  geometrical  and  esi)ecially  mechanical  ideas  and 
conceptions  completely  dominate  the  physical  sciences  from  begin- 
ning to  end.  Arithmetic,  including  algebra  and  calculus,  is  im- 
I)()rtant  in  working  from  given  data  to  numerical  results,  but  the 
argument  is  in  every  case  mechanical  or  geometrical,  and  without 
geometrical  and  mechanical  ideas  physical  theory  becomes  absolutely 
sterile.  Mathematics  to  most  peoi)le  means  numbers,  and  the  lack 
of  appreciation,  in  many  quarters,  of  the  tremendous  importance 
of  geometry  and  mechanics  —  the  picture  book  of  the  physical 
sciences  which  is  t(.K)  little  perused  —  seems  to  be  due  to  the  fact 
that  the  idea  of  number,  of  all  impersonal  ideas,  has  obtained  by  far 
the  strongest  hold  on  the  human  mind.  Deeply  ingrained  in  every 
human  being  is  the  feeling  that  number  relates  to  actual  things, 
fish,  or  beads,  or  cattle,  or  dollars,  and  to  my  mind  the  most  re- 
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markable  fact  connected  with  the  teaching  of  the  physical  sciences 
is  that  it  is  so  very  easy  to  cheat  young  people  into  the  belief  that 
a  study  relates  to  something  real  if  it  involves  arithmetic.  1  believe 
indeed  that  one  of  the  most  serious  perversions  in  the  teaching  of 
the  elementary  and  advanced  physical  sciences  is  that  which  is  in- 
volved in  the  assignment  of  great  numbers  of  problems  which  are 
more  or  less  completely  detached  from  actual  physical  things  or 
which  involve  data  the  detemiination  of  which  is  not  within  the 
range  of  the  student's  knowledge  or  experience.  '*  Natural  philos- 
ophy is  not  yet  to  be  found  unadulterated,  but  is  impure  and  cor- 
rupted .  .  .  by  mathematics,  which  ought  rather  to  terminate 
natural  philosophy  than  to  generate  or  create  it."  [Novum 
Organum,  bk  I,  §  XCVI] 

Concerning  a  course  in  physics  for  the  secondary  school 

The  most  important  thing,  I  should  say,  for  the  successful  teach- 
ing of  physics  in  the  secondary  school  is  that  ample  opportunity 
be  given  for  every  variety  of  play,  including  swimming  and  skating, 
and,  wherever  possible,  boating.  It  is  ridiculous  to  attempt  to  teach 
physics,  or  anything  else  for  that  matter,  without  the  substantial 
results  of  play  to  build  upon.  Playgrounds  are  the  cheapest  and 
in  many  respects  the  best  of  schools,  but  alas  they  are  almost  en- 
tirely lacking  in  many  of  our  towns  which  have  grown  to  cities  in 
a  generation  in  this  great  "  Nation  of  Villagers.''  The  boroughs 
of  Bethlehem,  for  example,  (for  we  have  a  kind  of  virtue  in  not 
pretending  to  be  a  city),  have  no  playground  connected  with  a 
public  school,  nor  any  other  public  place  where  boys  can  i)lay  ball. 

WHAT   DO   YOU   THINK?  ^ 

We,  the  editors,  have  been  dragge(l  along  back  alleys,  across  open 
sewers,  and  through  rank  growths  of  weed  and  thistle  to  view  the 
Monocacy  meadows  to  consider  the  possibility  of  their  use  as  a  play- 
ground or  park.  We  are  not  much  impressed  with  the  proposal, 
the  place  is  apparently  hopeless,  but  the  park  enthusiasts  could  not 
be  touched  by  argument.  To  our  very  practical  objection  that  the 
cost  woul  1  be  excessive  he  made  the  foolish  reply  that  there  is  no 
cost  but  a  saving  in  using  what  has  hitherto  been  wasted.  To  our 
expressed  disgust  for  the  open  sew^crs  and  filth  he  replied  that  that 
was  beside  the  question,  for,  as  he  said,  we  must  sooner  or  later 
take  care  of  the  filth  anyway.  l>ut,  we  said,  the  creek  is  contamin- 
ated above  the  town,^  very  well,  he  replied,  we  have  the  right  to 

'  This  and  the  following?  coinmunication  arc  from  a  small  paper,  printed 
and  puhlishod  by  two  Bethlehem  hoys. 

*  There  are  in  fact  several  water  mills  above  the  town,  and  any  one 
who  knows  the  secrets  of  a  small  water  mill  knows  what  that  means! 
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prohibit  >iich  contamination.  .\nfl  worst  of  all.  in  double  meaning, 
was  his  in>tant  agreement  Vt  our  statement  that  we  had  our  ceme- 
teries which,  he  >aid.  were  really  better  than  any  Bethlehem  park 
could  be. 

COMMUXICATIOX 

Dear  Editors:  I  took  a  walk  along  the  Monccacy  creek  on  Sun- 
day after  noon  and  discovered  clear  water  several  miles  above  town 
and  a  fine  skating  pond ;  but  I  suppose  that  you  and  all  of  your 
sub.-criljers  will  have  to  go  to  our  enterprising  neighbor,  Allentown, 
to  find  any  well  kept  ice  to  skate  on  this  winter.  Most  people  think 
that  you  boys  can  swim  in  nature's  own  water,  skate  on  nature's 
own  ice,  and  roam  in  nature's  own  wools,  but  it  is  absolutely  certain 
that  your  elders  must  take  some  care  and  pains  if  you  town  boys 
are  to  do  any  of  these  things,  and  yet,  here  in  the  East,  children 
are  said  to  be  brought  up  (^implying  care  and  pains)  and  hogs  are 
said  to  be  raise!  (implying  only  feerling).  I  thank  the  Lord  that 
r  was  ''  raise  1  "  in  the  West  where  there  are  no  such  false  dis- 
tinctions. 

Your  subscriber  S. 

P.  S.  As  I  came  home  covered  with  beggar-lice  and  cockle  burrs, 
I  saw  a  ring  of  fire  on  South  mountain,  an  annual  occurrence  which 
has  been  delayed  a  whole  week  this  autumn  by  a  flourish  of  posters 
in  several  languages  offering  One  Hundred  Elollars  Reward! 

S. 

Knowing  my  interest  in  parks  and  playgrounds,  the  local  editor 
of  a  real,  steam  engine  ncwsi)aper  asked  nie  kindly  to  write  him  a 
communication,  and,  not  knowing  how  to  do  so  formal  a  thing,  I 
sent  him  the  following  which  he  considerately  published  with  the 
excci)tion  of  the  last  sentence. 

To  the  Editor  of 

What  can  be  charged  against  a  community  like  the  Bethlehems 
as  more  indicative  of  that  dreadful  carelessness,  the  common  neglect 
of  children,  than  that  there  is  no  fit  place  for  our  boys  to  swim? 
Oh  yes,  there  is  one  really  fine  place,  as  I  know  from  experience, 
and  there  is  nothing  I  would  like  so  much  to  do  as  to  turn  Pied 
Piper  and  hire  the  entire  brood  of  Bethlehem  boys  and  girls  to 
Friedensville'  and  into  that  awful  chasm  of  crystal  water  to  come 
back  no  mr)rc,  no,  not  even  when  an  awakened  civic  consciousness 
(my!  how  some  [leoplc  do  like  that  word!)  had  made  a  park  of  the 
Ixiautiful  Monocacy  meadows  and  converted  the  creek  into  a  chain, 
a  regular  Diamonrl  Necklace  of  swimming  holes.  I  beg  the  garbage 
men's  (jiot  a  printer's  error  for  man's)  pardon  for  speaking  of  the 
Seautiful  Monocacv  meadow^s.     I  refer  to  what  has  been  and  to 


1  he  peaceful  site  of  an  abandoned  zinc  mine  where  sheer  walls  of  rock 
foiiiuj  H  thrvc-iicrv  pool  of  perfectly  clear  cool  water,  hundreds  of  feet 
't'pth. 
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what  might  easily  continue  to  be.     As  for  the  Diamond  Necklace, 
that  of  course  would  have  to  be  above  the  Gas  Works  where  the 
small  stream  of  pure  tar  now  joins  the  main  stream. 
There,  Mr  Editor,  is  your  communication. 

S. 

It  seems  utterly  foolish  to  talk  of  teaching  elementary  physics 
(for  1  must  stick  to  my  subject)  to  boys  who  live  in  towns  like 
Bethlehem,  and  yet  we  are  no  worse  than  some  of  the  neighboring 
villages,  Philadelphia  and  New  York,  for  instance!  We  boast  of 
having  conquered  nature ;  well,  we  have  now  got  to  domesticate  the 
wild  thing  before  much  else  can  be  done  in  this  country  of  ours! 
We  have  got  to  do  it,  and  it  is  foolish  to  talk  of  teaching  physics, 
10  people  who  fail  to  reahze  this  fact.  I  suppose  that  I  am  as 
tamiliar  with  the  requirements  of  modern  industry  as  any  man 
living  and  as  ready  to  tolerate  everything  that  is  economically  wise, 
but  every  day  as  I  walk  to  and  fro  I  see  the  Monocacy  creek  covered 
with  a  scum  of  tar,  and  in  crossing  the  river  bridge  I  see  a  half 
mile  long  heap  of  rotting  refuse  serving  the  Lehigh  as  a  bank  on 
the  southern  side ;  not  all  furnace  refuse  either  by  any  means,  but 
nameless  stinking  stuff  cast  off  by  an  indifferent  population  and 
carelessly  left  in  its  very  midst  in  one  long  unprecedented  panorama 
of  putrescent  ugliness!  And  when  on  splendid  autumn  days  the 
near-by  slopes  of  old  South  Mountain  lift  the  eyes  into  pure  oblivion 
of  these  distressing  things,  I  see  anon  a  line  of  fire  sweeping  through 
the  scanty  woods.  This  I  have  seen  every  autumn  since  first  I 
came  to  Bethlehem. 

It  is  easy  to  speak  in  amusing  hyperbole  of  garbage  heaps  and  of 
brooks  befouled  with  tar,  but  to  have  seen  one  futile  flourish  of 
posters  on  South  Mountain  in  eleven  years !  that  is  beyond  any  pos- 
sible touch  of  humor.  It  is  indeed  unfortunate  that  our  river  h 
not  fit  for  boys  to  swim  in,  and  it  is  not,  for  I  have  tried  it,  and 
I  am  not  fastidious  either,  having  lived  an  amphibious  boyhood  on 
the  banks  of  the  muddiest  river  in  the  world ;  but  it  is  a  positive 
disgrace  that  it  is  not  fit  to  look  at,^  that  it  is  good  for  nothing 
whatever  but  to  drink,  much  too  good,  one  would  think,  for  people 
who  protect  the  only  stretch  of  woodland  that  is  accessible  to  their 
boys  and  girls  by  a  mere  flourish  of  posters  I 


'  At  the  end  of  one  of  our  main  bridges  is  a  hotel  with  an  omnibus 
chute  behind,  and  there  it  stands,  a  brazen  paralized  brute,  heaping  its 
dung  forever ! 
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Wh — a — a — I  I  h-h-ave  said  concerning  the  o>aipletc  trans forma- 
l¥m  of  the  mind  of  a  ]>jy  by  science  study,  refers  to  the  final  result 
after  school  and  college,  and  of  course  the  character  o£  the  elemen- 
tary -cience  in-jtructi^^n  in  the  secondar>-  school  is  not  to  be  deter- 
mined wlv^lly  by  such  philus-jphy  as  1  have  attempted  to  set  forth. 
Transformation  means  the  change  of  something  into  something  else, 
not  the  making  of  something  out  of  ntjthing;  and  what  this  original 
v^mething  is  and  h*j\\'  to  get  h^^ld  of  it  so  as  to  change  it  into  some- 
thing else  are  tkj  le->  imjj^jrtant  than  a  clear  idea  oi  what  you  wish 
to  convert  the  original  thing  into.  How  is  the  science  teacher  to 
get  hold  of  the  primitive  mind  of  a  boy?  Tliat  is  the  question. 
And  you  will  plea-e  understand  that  in  considering  this  question  I 
have  iK>t  the  lea-t  de>ire  to  relieve  the  boy  fnmi  coercion.  It  is  not 
a  fjue^tion  of  ease  and  pleasure  but  s-^lely  a  quest i«Dn  of  effectiveness, 
in  the  pa>t  the  scientist  in  his  capacity  as  teacher,  has  had  to 
assume  the  role  of  magician  to  a  greater  or  less  extent. 

When  oM  Sir  Henry  \Vott.>n  was  sent  as  ambassador  "to  lie 
abrr»a1  "  (2ls  he  wittily  callerl  it.  to  his  cost)  in  a  piece  of  business 
relating  to  a  brief  Bohemian  kingship  that  was  fated  soon  to  ex- 
plorle  at  the  battle  of  Weissenberg  in  1620.  he  saw  at  the  city  of 
Lintz,  in  the  fMcturesque  green  country  by  the  shores  of  the  Danube, 
there,  an  ingenious  person  who  is  now  recognizable  as  one  of  the 
remarkablest  of  mankind,  Mr  John  Kepler,  namely:  Keplar  as 
\\'r>tton  write<  him,  ad^lressing  the  great  Ijord  Bacon  on  that  among 
other  subjects.  Mr  John's  now  ever  memorable  watching  of  the 
m<.tion*>  of  the  planet  Mars  with  *'  calculations  repeated  seventy 
tinier,"  anrl  his  discovery  of  the  planetary  laws  of  this  universe 
viHie  ten  years  before  appear  to  be  unknown  to  Wotton ;  btit  there 
is  something  else  of  Mr  John's  devising  which  deserves  the  attention 
of  the  Instaiirator*  of  Philosophy:  '*  He  hath  a  little  black  tent" 
-ays  the  ambassador.  "  which  he  can  suddenly  set  up  where  he  will 
in  a  ficM;  and  it  is  convertible  (like  a  windmill)  to  all  qtiarters  at 
pl<-asiirc :  cajiable  of  not  much  more  than  one  man,  as  I  can  see,  and 
jxrliaps  at  no  great  ease;  exactly  close  and  dark,  save  at  one  hole 
ab'.nt  an  inch  and  a  half  in  diameter  to  which  he  applies  a  long 
])crs|Krtive  trunk  with  the  convex  glass  fittc  1  to  the  said  hole,  and 
the  concave  taken  out  at  the  other  eu'l,  which  extendeth  to  abotit  the 
middle  of  this  erected  tent:  through  which  the  visil)lc  radiations  of 
all  the  o])jects  without  are  intromiltc  I,  falling  upon  a  paper,  which 
is  acToninK elated  t  >  receive  them;  and  so  he  traceth  them  with  his 
pen  in  their  natural  ap])earancc,  turning  his  little  tent  round  by  de- 
grees until  he  hath  designed  the  whole  asi)ect  of  t\:<:  field."  In  fact; 
he  hath  a  camera  nhscura  and  is  exhibiting  the  same  for  the  delecta- 

'  Pi.ic'in  liini.M'lf  callrrl  liis  Advaucciucut  of  Lcavuiuij  and  his  Notmm 
Orthuium.  his  (Irtal  hislaiiralioii.  licncc  Carlyk-'s  reference  to  him  as  the 
liisia»irat<»r  of  Phil-.'^Dphy. 
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tion  of  imperial  gentlemen  loune^ing  that  way.  Mr  John  invents 
such  toys,  writes  almanacs,  practices  medicine,  for  good  reasons,  his 
encouragement  from  the  Holy  Roman  Empire  and  mankind  being 
only  a  pension  of  i8  pounds  a  year,  and  that  hardly  ever  paid.  An 
ingenious  person  truly,  if  there  ever  was  one  among  Adam*s  pos- 
terity.    Just  turned  of  50  and  badly-off  for  cash. 

The  temper  of  the  world,  however,  is  fast  becoming  such  that 
there  is  no  need  of  nor  even  toleration  for  the  magic  element  in 
science.  Every  one  is  beginning  to  recognize  the  tremendous  im- 
portance of  the  physical  sciences  in  everyday  life,  and  it  is  now 
jxDssible  for  a  teacher  of  the  elementary  physical  sciences  to  devote 
himself  to  a  homely  study  of  the  things  which  are  more  or  less 
familiar  to  every  boy.  The  possibility  of  this  kind  of  elementary 
science  study  is  perhaps  the  most  important  fact  to  be  reckoned 
with  in  connection  with  the  teaching  of  the  elementary  physical 
sciences  in  the  secondary  school,  but  there  is  still  a  very  serious 
difficulty  which  I  can  explain  with  the  help  of  an  example.  A  few 
weeks  ago  I  gave  an  experimental  lecture  at  a  distance  from  Bethle- 
hem. I  was  obliged  to  carry  a  delicate  piece  of  apparatus  with  me 
in  the  train,  and  I  was  greatly  amused  when  a  fellow  asked  face- 
tiously if  I  was  carrying  "  a  new-fangled  contrapshun  for  catching 
chickens.*'  A  good-natured  laugh  satisfied  the  fellow,  of  course, 
but  I  could  not  help  thinking  that  his  question  indicated  about 
where  I  would  have  to  begin  to  explain  the  thing  to  him.  A  great 
difficulty  in  the  teaching  of  the  physical  sciences  is  that  the  human 
mind,  intuitively  habituated  as  it  is  to  consider  the  immediate  prac- 
tical affairs  of  life,  can  hardly  be  turned  to  that  minute  consideration 
of  apparently  insignificant  details  which  is  so  necessary  in  the  scien- 
tific handling  even  of  the  most  distinctly  practical  problems.  I 
believe  that  this  quality  of  detachment,  which  is  an  especially  prom- 
inent feature  of  nearly  every  fundamental  principle  of  physical 
science,  must  be  seriously  reckoned  with  in  any  attempt  to  formulate 
a  practical  course  of  instruction  in  elementary  physics  in  the  second- 
ary school. 

Some  time  ago  T  was  talking  with  my  own  boy  about  his  physical 
lalx)ratory  work  in  sch(K)l,  and  I  was  greatly  interested  in  his  ex- 
pression of  contempt  for  a  piece  of  work  he  had  done,  namely,  the 
determination  of  the  force  required  to  break  a  wire.  Just  picture 
to  yourselves  how  contemptible  a  teacher  would  be  in  the  eyes  of 
a  wild  Indian  whom  he  had  set  at  such  work,  and  my  boy  is  indeed 
a  kind  of  a  wild  Indian.  Suppose  it  does  take  so  much  force  to 
break  a  wire,  and  suppose  you  do  divide  this  force  by  the  sectional 
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area  of  the  wire.  What  in  the  name  of  all  that  is  real  does  it 
mean  to  a  boy?  But  if  you  make  use  of  this  experimental  result 
as  a  basis  for  enabling  a  boy  to  estimate  the  number  of  locomotives 
of  one  hundred  tons  each  that  could  be  supported  by  the  Brooklyn 
bridge,  and.  this  particular  problem  is  simple  enough  for  any  boy  to 
handle,  then  the  whole  aspect  of  the  matter  would  be  changed,  and 
the  boy  would  begin  to  be  differentiated  from  a  genuine  wild 
Indian.  Suppose,  however,  that  the  teacher  does  not  relate  the  ex- 
periment with  the  wire  to  some  significant  condition  or  thing,  then 
most  assuredly  he  would  deserve  the  contempt  that  any  boy  would 
have  for  him,  and  if  you  know  boys  at  all,  you  must  know  that 
capacity  for  contempt  is  one  of  their  strong  points. 

It  was  Lord  Kelvin,  I  believe,  who  made  a  statement  many  years 
ago  to  the  effect  that  when  we  can  measure  a  thing  we  know  all 
about  it,  and  it  seems  to  me  that  the  most  widely  approved  high 
scIkkdI  course  in  elementary  physics  at  the  present  day  is  in  accord 
with  a  literal  interpretation  of  this  statement  of  Lord  Kelvin's; 
but  my  experience  is,  most  emphatically,  that  a  student  may  measure 
a  thing  and  know  nothing  at  all  about  it,  and  I  believe  that  the 
present  high  school  courses  in  elementary  physics  in  which  quantita- 
tive laboratory  work  is  so  strongly  emphasized  are  altogether  bad. 
Quantitative  laboratory  work  has  pedagogical  value  in  conjunction 
with  classroom  work  which  is  devoted  to  the  advanced  mathe- 
matical theory  of  the  physical  sciences,  but  I  believe  that  the  only 
quantitative  physical  laboratory  work  that  should  be  given  in  the 
secondary  school  is  that  which  can  be  justified  by  the  practical  value 
of  measurement  in  everyday  life  and  business,  and  that  which  re- 
lates to  things  of  which  the  boy  has  some  intimate  knowledge  inde- 
pendently of  what  is  brought  to  him  by  the  laboratory  work  itself. 
Let  a  boy  determine  the  velocity  of  a  runner  by  observing  the  time 
rcciuircd  to  run  a  measured  distance;  let  the  power  that  can  be 
developed  by  a  boy  be.  determined  by  observing  the  time  required 
for  him  to  climb  a  measured  flight  of  stairs  (any  healthy  boy  of 
16  years  can  develop  a  horse  power  and  a  quarter)  ;  let  a  boy  esti- 
mate the  length  of  his  normal  walking  step  by  counting  the  number 
of  steps  in  a  measured  distance;  let  the  area  of  a  lot  in  acres  be 
determined  by  stepping  off  its  length  and  its  breadth;  let  a  boy 
estimate  the  value  of  a  piece  of  timber  by  measuring  its  dimensions, 
knowing  the  cost  per  thousand  board  feet;  let  the  velocity  of  water 
in  a  nozzle  be  calculated  from  the  measured  volume  of  discharge 
in  a  known  interval  of  time  and  the  measured  diameter  of  the 
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nozzle;  let  the  pressure  of  gas  in  the  city  mains  be  determined  by 
measuring  the  depression  of  water  level  in  a  glass  tube  connected 
to  a  gas  cock;  let  the  pressure  of  water  in  the  laboratory  supply 
pipes  be  estimated  on  the  basis  of  Torricelli's  tlicorem  and  the 
measured  velocity  at  which  the  w^ater  issues  from  a  small  nozzle; 
if  there  is  a  canal  near  the  school,  let  the  l>oy  measure  approximately 
the  velocity  of  the  water  in  the  canal  by  stepping  off  the  distance 
traveled  by  a  float  in  a  known  interval  of  time  and  then  let  him 
estimate  the  volume  of  w^ater  discharged  per  second  by  measuring 
the  depth  and  width  of  tlie  canal ;  let  a  boy  determine  the  density 
of  a  variety  of  substances  of  regular  geometrical  form  by  weighing 
and  measuring  volumes;  let  him  determine  the  specific  gravity  of 
wood  by  measuring  the  submerged  length  of  a  slim  stick;  let  a  boy 
determine  rainfall  by  means  of  a  simple  rain  gauge  and  let  him 
record  atmospheric  temperature,  wind  direction,  and  degree  of 
cloudiness  for  a  period  of  a  month;  and  so  on.  In  short,  let  a  boy 
get  his  own  data  for  a  great  variety  of  simple  numerical  problems 
in  the  solution  of  which  he  may  be  supposed  to  have  some  interest 
because  of  knowledge  independent  of  that  which  comes  to  him  in  . 
the  making  of  the  measurements. 

I  believe  that  the  physical  sciences  should  be  taught  in  the 
secondary  school  with  reference  primarily  to  their  practical  applica- 
tions. The  textbook  should  be  devoted  chiefly  to  the  description 
and  analysis  of  the  more  familiar  practical  applications  of  physics 
accompanied  by  many  illustrations  of  actual  devices  and  processes, 
and  the  laboratory  work  should  be  of  the  character  suggested  above. 
Such  a  course  would  be  of  the  greatest  value  to  young  men  who 
do  not  enter  college,  and  it  would  furnish  a  most  satisfactory  basis 
for  college  work  in  the  physical  sciences. 

I  have  recently  followed  the  work  of  my  own  boy  in  a  good 
preparatory  school  and  a  short  time  ago  I  helped  him  to  get* the 
*'  answers  "  to  a  group  of  problems  under  Newton's  law  of  universal 
gravitation.  The  problems  related  to  the  mass  of  the  sun  and  moon 
and  to  the  weight  of  a  body  at  a  distance  of  thousands  of  miles 
from  the  earth!  I  have  examined  hundreds  of  young  men  in  ele- 
mentary physics  many  of  whom  had  had  a  great  deal  of  quantitative 
laboratory  work  concerning  things  they  knew  little  or  nothing  about. 
They  could  talk  ohms,  arid  volts,  and  amperes,  and  focal  lengths 
and  images,  and  candle  power,  and  what  not ;  but  I  have  never  seen 
much  evidence  of  that  growth  of  simple  intimate  knowledge  into 
general  ideas  which  is  the  very  essence  of  what  should  be  accom- 


94  N'KW   YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION  [dEC.  28 

pHshed  in  the  study  of  elementary  physics.  More  than  half  of  the 
fjoys  I  have  examined  have  l)een  unable  to  tell  the  specific  gravity 
of  a  stick  knowing  that  it  floated  three  (juarters  submerged  in 
water,  and  I  think  it  is  no  exaggeration  to  say  that  less  than  ten 
l)er  cent  of  the  Ixns  have  been  able  to  calculate  the  specific  gravity 
of  oil  when  told  that  a  stick  floats  three  ([uarters  submerged  in 
water  and  seven  eighths  submerged  in  oil.  One  question  which  I 
have  used  many  times  in  my  examinations  refers  to  the  scheme  of 
connections  and  to  the  principle  of  continuous  vibration  of  the 
ordinary  electric  bell,  and  from  my  experience  with  this  question 
and  others  like  it,  I  am  led  to  believe  tliat  the  study  of  physics  in 
our  secondary  schools  does  not  accomplish  the  one  thing  which  it 
may  be  expected  to  accomplish  in  the  less  familiar  branches  of 
j)hysics,  namely,  to  furnish  an  intimate  knowledge  of  some  few  of 
the  phenomena,  a  knowledge  which  is  surely  necessary  l>efore  any 
attempt  can  be  made  to  develop  the  general  ideas  of  these  branches 
of  physics.  I  think  that  the  laboratory  work  in  these  less  familiar 
branches  should  consist  almost  entirely  of  manipulations  approach- 
ing shopwork  in  character. 

I  do  not  insist  on  the  study  of  the  practical  things  in  physics 
merely  because  of  their  practical  value,  although  I  believe  that  this 
consideration  alone  should  determine  the  trend  of  all  general  in- 
struction in  elementary  physics  and  chemistry,  but  I  can  not  endure 
a  so  called  knowledge  of  elementary  science  which  does  not  relate 
to  some  actual  physical  condition  or  thing,  and  I  believe  that  the 
only  physical  things  that  are  sufficiently  j^rominent  in  a  young  man's 
minrl  to  be  brought  into  the  field  of  his  science  study  are  the  things 
which  have  been  impressed  upon  him  in  everyday  life.  Say  wdiat 
you  will,  you  must  do  one  of  two  things  to  lx»  able  to  teach  physics 
in  any  schrK)l ;  cither  you  must  create  an  actual  world  of  the  un- 
usual phenomena  of  nature  by  purchasing  an  elaborate  and  ex- 
pensive equipment  of  scientific  apparatus,  or,  you  must  make  use 
of  the  lM)y's  everyday  world  of  actual  conditions  and  things.  One 
of  these  things  must  ])e  done;  there  is  no  other  way. 
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Section  B  — BIOLOGY. 

THE  EDUCATIONAL  U8E8  OF  BHABKB  AND  RAYS,  ESPECIALLY  THE  ACANTH 
(SQUALUS  ACANTHIAS,   "  HORNED  DOGFISH  ") 

(Abstract) 
BY  BURT  G.   WILDER,   CORNELL  UNIVERSITY 

Half  a  century  ago  students  of  vertebrate  zoology  and  compara- 
tive anatomy  dissected  the  human  body  and  such  animals  as  chance 
provided.  During  the  last  30  years  the  desirability  of  selecting 
certain  so  called  types  or  representatives  of  the  several  groups  to  be 
dissected  in  accordance  with  directions  has  become  recognized. 
The  choice  of  forms  has  varied  greatly  with  localities,  instructors 
and  periods.  Theoretic  appropriateness  and  practical  availability 
have  sometimes  conflicted. 

As  the  outcome  of  40  years  of  experience  and  reflection,  and 
with  increasing  conviction  as  to  the  supreme  importance  of  the 
early  acquisition  of  some  real  knowledge  of  the  brain,  I  submit  the 
following  proposition: 

For  the  study  of  the  structure,  development,  succession  and  re- 
lationships of  vertebrates  .the  best  group  to  begin  with  is  the 
selachians,  the  sharks  and  rays;  if  several  forms  can  be  studied 
the  first  should  be  —  and  if  but  one,  that  one  should  be  —  the  acanth 
or  **  horned  dogfish,'*  Squalns  acanthias. 

Some  of  the  points  involved  in  the  foregoing  proposition  have 
been  discussed  by  me  in  Wilder  and  Gage's  Anatomical  Technology, 
pages  56-57,  1882;  Methods  of  Studying  the  Brain,  Cartwright 
Lectures  before  the  Alumni  Association  of  the  College  of 
Physicians  and  Surgeons  of  New  York,  New  York  Medical  Journal, 
February  9,  1884,  page  147;  **  The  Desirability  and  the  Feasibility 
of  the  Acquisition  of  Some  Real  and  Accurate  Knowledge  of  the 
Brain  by  Precollegiate  Pupils/'  Science,  December  17,  1897,  page 
903;  "The  Brains  of  Scymnus  etc.,  with  Remarks  upon  Selachian 
Brains  for  Standpoints  Morphic  .  .  .  and  Pedagogic,"  read 
at  the  annual  general  meeting  of  the  American  Philosophical 
Society,  April  1905,  Science,  May  26,  page  814 ;  and  "  The  Educa- 
tional Uses  of  Certain  Vertebrates  and  of  Certain  Vertebrate 
Brains,"  read  (by  title)  before  the  section  in  general  zoolog>'  of 
the    Seventh    International    Zoological    Congress,    Bostovv,    K>x^'5X. 
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1907.  Acanths  of  various  ages  may  be  had  from  dealers,  especially 
the  Supply  Department  of  the  Marine  Biological  Laboratory  at 
Woods  Hole,  Mass.,  and  the  Harpswell  Laboratory  of  Tufts  Col- 
lege, Mass.  Directions  for  dissection  have  been  published  by 
Prof.  J.  S.  Kingsley  (Henry  Holt  &  Co.,)  and  Prof.  L.  E. 
Griffin  of  the  Missouri  Valley  College,  Marshall,  Mo.  With  slight 
differences  there  apply  also  the  portions  relating  to  the  "  dogfish  " 
of  Europe  in  the  PrctcHcal  Zoology  by  the  Parker  Brothers 
(Macmillan  Co.,)  and  by  Marshall  and  Hurst  (G.  P.  Putnam's 
Sons).  Since  this  paper  was  read  I  learn  from  Prof.  W.  A.  Locy 
of  Northwestern  University,  that  his  course  in  comparative  anatomy 
begins  with  the  acanth. 

Besides  its  purely  zoologic  uses  the  acanth  may  facilitate  the 
solution  of  an  educational  and  moral  problem  the  importance  and 
difficulty  of  which  are  forcing  themselves  upon  parents,  teachers 
and  sociologists.^  The  following  is  based  upon  my  rough  notes  of 
a  lecture  by  Prof.  Louis  Agassiz  in  November  1867,  the  ninth  of 
a  course  of  21  lectures  upon  selachians.  Later  he  said  he  had 
tried  to  state  what  he  regarded  as  very  important  facts  concerning 
a  delicate  subject  in  such  a  way  as  not  to  disturb  the  women  among 
the  audience. 

Unlike  most  of  the  lower  vertebrates,  with  many  kinds  of  sharks 
and  rays  the  young  arc  developed  within  the  mother  and  the  two 
sexes  are  easily  distinguished  by  outward  form.  With  the  male  the 
inner  margins  of  the  i>elvic  fins  are  prolonged  and  modified  so  as  to 
constitute  organs  by  means  of  which,  while  facing  the  female,  the 
seminal  liquid  is  introduced  and  internal  impregnation  is  accom- 
plished. These  fishes  are  among  the  earliest  vertebrates,  yet  their 
sexual  relations  were  prophetic  of  conditions  among  the  higher 
classes,  among  the  mammals,  and  even  with  the  other  extreme  of 
the  scries,  the  human  species. 

'  Witness  an  article  in  The  Nature-Study  Review  for  November  1907, 
editorials  in  the  Ladies'  Home  Journal,  especially  for  January  1908,  and 
tile  "  Educational  Pamphlets,"  1-4,  of  the  American  Society  for  Sanitary  and 
Moral  Prophylaxis. 
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FIRST   YEAR   BIOLOQY   IN   NEW   YORK   CITY 
BY  ZILLAH   HEIDENHEIM,  CURTIS  HIGH  SCHOOL,  STATEN  ISLAND 

You  are  all  familiar  with  the  requirements  of  the  first  year 
course  in  high  school  biology,  embracing  botany,  zoology,  and 
physiology  as  it  is  prescribed  by  the  Board  of  Regents  of  the  State 
of  New  York,  and  each  has  his  convictions  as  to  the  conditions 
under  which  the  work  should  be  conducted  and  what  its  aim 
should  be. 

I  desire  to  point  out  here,  the  conditions  under  which  first  year 
biology  is  taught  in  New  York  city,  and  to  indicate  briefly  what 
the  aim  of  the  work  conducted  under  these  conditions  must  be. 

Conditions.  The  first  half  of  the  year  is  devoted  exclusively 
to  botany,  the  second  half  to  zoology  and  physiology.  In  some 
schools  the  second  term  is  equally  divided  between  the  two  latter 
subjects  but  in  the  majority  the  larger  part  of  the  time  is  devoted 
to  zoology  and  only  the  necessary  six  weeks  prescribed  by  the 
syllabus  are  given  to  physiology.  In  other  schools,  the  human 
physiology  and  zoology  are  carried  along  together. 

Each  day  is  divided  into  six  45  minute  periods.  In  most  of  the 
schools  the  biology  teacher  instructs  during  foui*  of  these,  a  fifth 
period  is  devoted  to  supervision  in  study  hall  or  guard  duty,  leaving 
only  one  period  free  for  preparation  of  the  work.  Sometimes  this 
period  is  filled  by  assisting  another  in  laboratory. 

The  size  of  classes  varies  with  the  locality  of  the  school.  Where 
the  entering  classes  average  five  and  six  hundred  the  biology  sec- 
tions are  of  necessity  very  large,  each  class  containing  35  or  40 
pupils.  A  class  of  18  or  20,  which  is  as  large  as  any  biology  class 
should  be,  is  unheard  of  except  in  the  smaller  high  schools  of  the 
city. 

At  present  there  is  no  high  school  which  has  not  at  least  one 
good  laboratory.  Each  of  the  newer  schools  is  provided  with  sev- 
eral, well  lighted  and  well  arranged.  One  of  these  buildings  in 
Brooklyn  which  is  just  about  to  open,  contains  five  biology  labora- 
tories, each  connected  with  a  small  room  where  all  preparations 
are  made.  There  is  also  an  animal  room  and  a  conservatory  in 
the  building.  It  is  intended  that  all  the  recitations  shall  be  carried 
on  in  the  laboratory,  and  practice  may  be  substituted  at  any  time 
for  the  recitation.  This  condition  should  exist  in  all  the  schools, 
and  it  is  to  be  hoped  that  something  may,  in  the  course  of  time, 
be  done  to  remedy  the  conditions  existing  in  the  older  high  schools, 
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where  the  number  of  pupils  is  so  great  tliat  the  single  well  equipped 
laboratory  is  far  from  adequate.  In  one  of  our  largest  high  schools 
the  zoology  laboratory  exercises  are  conducted  in  a  cellar  where  the 
light  is  so  poor  that  except  on  the  brightest  days  it  is  impossible 
to  work  without  artificial  lights.  .Ml  laboratory  work  carried  on 
outside  of  the  double  laboratory-  period  necessitates  the  carrying 
about  of  materials  from  room  to  room.  The  teacher  is  obliged  to 
distribute  material,  give  a  lesson  and  again  collect  the  material 
within  the  45  minutes.  The  most  capable  teacher  and  enthusiastic 
pupil  are  handicapped  under  such  conditions. 

Some  of  the  schools  have  a  double  laboratory  period  of  an  hour 
and  a  half,  although  several  schools  have  two  of  these  double  labora- 
tory periods  and  one  recitation.  In  schools  where  it  is  customary 
U)  have  one  double  laboratory  period  another  single  period  is  de- 
voted to  laboratory  practice.  It  seems  to  be  the  general  custom 
however,  to  have  two  recitations,  and  three  laboratory  periods  of 
45  minutes  each. 

Microscope.  The  laboratories  are  provided  with  compound 
microscopes.  In  most  of  the  schools  these  are  used  by  the  pupil, 
although  the  time  spent  in  the  use  of  the  microscope  by  the  indi- 
vidual pupil  during  the  year,  varies  from  two  45  minute  periods 
in  one  school  to  a  full  five  weeks  in  another.  The  use  of  the 
microscope  is  indispensable  to  a  comprehension  of  animal  or  plant 
structure  and  physiology,  but  its  use  by  the  pupil  in  the  first  year 
of  high  school  is  unwise,  since  the  time  spent  in  mastering  the 
nictliods  of  handling  the  instrument  can  be  more  profitably  devoted 
to  other  work  and  essentials  can  be  taught  by  demonstration. 

Jn  all  the  laboratories  a  combination  of  the  investigation  and 
verification  method  are  used.  The  investigation  method  is  of  course 
the  more  predominant  since  it  brings  out  more  fully  the  disciplinary 
value  of  the  work,  emphasizes  the  scientific  method  and  develops 
that  self-confidence  and  independence  of  thought  and  action  in  the 
pupil  which  are  indispensable  to  successful  work  of  any  kind. 

Three  methods  of  keeping  laboratory  notes  and  drawings  are  in 
vogue.  The  most  iK)i)ular  is  the  slip  sheet  system.  Notes  and 
drawings  are  kept  in  a  cover  to  which  papers  may  be  added  or  from 
which  they  may  be  withdrawn.  This  method  seems  the  best  as 
tlir  books  are  of  convenient  size ;  the  covers  may  be  changed  and 
])oor  work  may  be  corrected  and  withdrawn.  In  other  schools  the 
drawings  are  kept  in  envelops  and  the  notes  in  a  bound  book.  The 
fiiird  method  is  that  of  pasting  drawings  in  a  lx)ok  in  which  the 
notes  have  been  written. 
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Supplies  are  furnished  by  dealers  in  the  city.  Those  for  use  in 
class  are  fairly  good  but  rarely  arrive  at  the  right  time.  The 
teacher  can  usually  obtain  all  that  are  needed.  It  is  the  exceptional, 
principal  who  cuts  down  the  supplies  for  economy's  sake.  These 
supplies  include  living  and  prepared  material  for  class  work  as  well 
as  prepared  material  for  demonstration,  glass  ware,  and  other 
apparatus.  Anything  can  be  obtained  by  ordering,  provided  the 
teacher  is  in  no  hurry  lo  use  supplies  that  are  not  on  the  regular 
list.  We  have  recently  been  reque-ted  to  limit  our  expenditure^ 
to  30  cents  per  pupil  for  the  year.  Most  of  u«  will  find  some 
difficulty  in  meeting  this  request. 

In  the  city  where  the  classes  are  large  and  the  schools  at  a 
distance  from  the  country,  the  field  work  is  limited.  The  parks, 
museums,  and  aquarium,  in  New  York  and  Brooklyn  are,  however, 
much  used. 

Aim.  **  The  first  year  course  in  biology  is  designed  to  give 
students  a  general  conception  of  the  wide  range  of  forms  in  animal 
and  plant  life;  to  lead  them  to  observe  the  various  processes  car- 
ried on  by  plants  and  animals,  and  to  study  only  so  much  of  struc- 
ture as  is  necessary  for  a  clear  comprehension  of  these  processes, 
and  to  help  them  understand  the  general  structure  of  the  human 
body  and  the  way  to  care  for  it." 

One  can  readily  see  that  the  purpose  quoted  above  from  the 
syllabus  of  first  year  biology  for  high  schools  allows  of  much 
diversity  in  specific  aim.  This  specific  aim  varies  with  the  view- 
point of  the  individual  teacher  and  is  sometimes  determined  by  the 
attitude  of  the  principal  toward  the  work.  In  each  school,  how- 
ever, there  is  unity  of  aim.  secured  by  departmental  meetings.  At 
these  meetings  all  important  c|uestions  are  decided  and  teachers  are 
kept  in  touch  with  one  anotlier's  work.  One  of  the  schools  em- 
phasizes the  economic  aspect  of  the  work,  another  the  physiologic 
aspect,  dwelling  particularly  on  the  human  physiology,  some  em- 
phasize the  great  diversity  and  range  of  plant  and  animal  form  and 
Structure,  trying  to  make  scientists  of  the  children. 

Of  the  pupils  who  enter  our  high  schools  less  than  20  per  cent 
graduate,  tlie  greatest  falling  off  occurs  in  the  first  year.  This 
defection  is  attributed  to  various  causes.  Chief  among  these  is  the 
pupils'  attitude  toward  the  work.  They  dislike  it,  they  find  it  too 
difficult,  they  feel  that  their  high  school  work  has  no  practical 
bearmg  on  life. 
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In  view  of  such  conditions  the  biology  teacher  must  first  secure 
the  interest  of  the  pupil,  and  second  fill  the  course  with  those  facts 
and  ideas  which  have  the  closest  relation  to  everyday  life.  Pro- 
fessor Bigelow  has  said,  "  In  teaching  the  elements  of  biology,  we 
have  yet  to  learn  concentration  on  important  and  fundamental 
principles  and  to  spend  less  time  upon  details  of  which  organisms 
present  unlimited  variety."  There  is  a  general  tendency  to  devote 
tcx>  much  time  to  giving  the  pupil  a  conception  of  the  range  of 
forms  and  structure  in  animal  and  plant  life,  instead  of  emphasiz- 
ing the  important  life  processes.  It  is  of  far  greater  importance 
that  the  pupil  should  thoroughly  understand  the  structure  of  some 
one  f(jrm,  and  the  way  in  which  its  organs  function,  and  for  this 
stufly  I  would  recommend  the  frog,  than  that  he  should  be  familiar 
with  a  representative  of  each  branch  of  the  animal  kingdom. 

Teachers  of  science  are  apt  to  talk  over  the  heads  of  beginners^ 
forgetting  that  heretofore  their  mental  pabulum  has  been  pre- 
(ligcsted  and  doled  out  in  small  quantities.  We  can  not  make 
scientists  of  these  children.  Huxley  has  said :  "  You  must  not  be 
too  solicitous  to  fill  the  pupil  with  information,  but  you  must  be 
careful  that  what  he  learns  he  knows  of  his  own  knowledge. 
J'ursue  this  discipline  carefully  and  conscientiously,  and  you  will 
make  .sure  that  however  scanty  may  be  the  measure  of  .information 
which  you  have  pounded  into  the  boy*s  mind,  you  have  created  an 
intellectual  habit  of  priceless  value  in  practical  life.'* 

Pupils, are  usually  interested  in  those  things  which  are  useful 
and  which  have  a  Ix^aring  upon  their  immediate  life.  There  are 
tw(j  other  means  of  securing  interest,  which  are  not  emphasized 
as  much  as  they  should  be.  The  historical  side  of  biolog>'  is  en- 
tirely neglected.  Very  few  of  our  pupils  know  anything  of 
Darwin,  Huxley,  Agassiz,  (]ray,  to  say  nothing  of  the  discovery 
of  the,  blood  and  the  germ  theory  of  disease.  A  boy  who  knows 
the  difficulties  placed  in  the  way  of  the  scientist  as  a  result  of 
superstition,  and  the  ingenious  methods  used  by  them  in  their  work^ 
will  realize  that  these  men  have  discovered  a  new  kingdom,  have 
con(|nered  a  world  of  facts,  and  will  feel  that  interest  in  their 
science  which  they  have  in  the  work  of  any  hero  who  overcomes 
(liiHicullies.  The  second  point  which  I  believe  hr)Ms  the  pupil  to  this 
snhject  is  turning  his  attention  to  some  one  branch  and  inducing^ 
liim  to  make  collections  of  insects  or  flowers  or  encouraging  him 
in  studying  birds.  A  successful  appeal  to  the  pu])il  along  one  of 
these  lines  may  arouse  a  lifelong  interest  in  the  work,  whatever 
///s  vocntion. 
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Our  second  aim  we  said  was  to  fill  the  course  with  those  facts 
and  ideas  which  have  the  closest  relation  to  everyday  life.  We 
must  lay  stress  upon  the  importance  of  agriculture,  the  extermina- 
tion of  pests,  medical  plants,  some  time  should  be  given  to  the 
study  of  the  handling  of  food  products  and  raw  materials  for 
manufacture,  to  the  study  of  disease  and  sanitation.  We  must 
emphasize  the  study  of  the  relation  of  all  forms  of  life  to  man, 
point  out  the  similarity  of  processes  performed  by  all  animals. 
For  the  rest  we  should  make  the  work  center  about  the  physiology, 
limiting  if  necessary  the  forms  studied  to  those  one  or  two  which 
show  what  the  structure  of  the  human  body  is  like  —  sacrifice 
extent  to  content. 

Recently  the  authorities  have  requested  the  biology  teachers  to 
make  the  work  more  interesting,  more  descriptive,  and  to  take  up 
less  of  the  intimate  structure  of  forms.  The  request  emphasizes, 
I  think,  what  has  before  been  said,  the  tendency  of  the  biology 
teacher  to  devote  too  much  time  to  range  of  form  and  structure. 
Since  our  pupils  leave  in  such  large  numbers  during  their  first  year, 
and  some  knowledge  of  life  processes  is  essential  to  all  human 
beings,  this  work  in  biology  should  remain  where  it  is  in  the  high 
school  course,  but  we  must  limit  our  work  to  the  mere  requirements 
of  the  syllabus,  and  the  capacity  of  the  pupil,  we  must  be  satisfied 
with  giving  the  pupil  a  knowledge  of  the  essential  facts  in  regard 
to  a  limited  number  of  forms,  together  with  those  additions  which 
I  have  suggested,  namely  directing  the  pupil's  attention  to  making* 
collections,  interesting  him  in  the  history  of  the  science,  and  making 
the  humanistic  side  of  biology  the  basis  of  our  work. 
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EXPERIXEVTAL   WORK  IH  BIOLOOT 

BY    CYRUS  A.   KING,  ERASMUS   HALL   HIGH   SCHOOL,   BROOKLYN,   N.    Y. 

Read  in  absence  of  author 

All  will  agree,  even  our  worst  enemies  —  the  teachers  of  the 
classics  —  that  the  study  of  biology  gives  the  pupil  both  knowledge 
and  mental  training.  It  matters  not  how  poorly  the  subject  is 
taught,  both  these  results  follow.  This,  however,  is  about  as  defi- 
nitely as  the  outsider  usually  sees  the  results  of  our  course,  for 
this  is,  in  many  instances,  what  he  himself  is  seeking  to  give  his 
pupils.  To  the  teacher  of  biology,  this  is  scarcely  an  introductory 
aim.  He  knows  that  biology  has  a  definite  and  special  place  in  the 
high  school  course  because,  if  rightly  taught,  it  appeals  to  the  pupil 
in  a  special  way. 

Not  only  must  our  work  give  knowledge,  but  it  must,  as  far  as 
possible,  give  first-hand  knowledge.  The  textbook,  the  great 
desideratum  in  his  other  first  year  subjects,  is  in  biology  relegated 
to  its  proper  place  in  the  background  and  the  pupil  is  required  to 
study  the  plants  and  animals  themselves.  In  other  words,  if  our 
subject  justifies  itself  from  our  own  standpoint,  it  must  derive  its 
chief  value  from  the  fact  that  it  is  the  one  subject  in  his  first  year 
that  carries  the  pupil,  in  a  degree,  away  from  his  books  and  makes 
him  study  the  things  themselves.  It  is  necessary  for  the  success 
of  the  course  that  all  the  biology  teachers  in  the  State  should  be 
a  unity,  both  theoretically  and  practically,  as  to  the  above  concep- 
tion. For  not  until  we  all  give  our  courses  so  as  to  bring  the 
laboratory  side  of  the  work  into  prominence,  shall  we  meet  with 
the  respectful  recognition  that  the  subject  deserves.  The  writer  is 
not  so  unsophisticated  as  to  assume  that  he  is  stating  to  his  hearers 
a  new  conception  of  the  biolog}'  course.  lie  believes  that  there  is 
pretty  general  agreement  that  the  laboratory  work  should  receive 
emphasis. 

Too  often,  however,  we  can  not  in  practice  come  up  to  our 
theoretical  ideas  of  what  should  be  done  in  the  course.  Even  in 
our  larger  high  schools  this  is  difiicult ;  in  the  smaller  schools  of 
the  State,  the  overworked  teacher,  who  may  be  required  to  teach 
other  subjects  besides  biology,  and,  in  addition,  do  enough  clerical 
work  for  one  person,  has  still  less  time  to  give  to  the  preparation 
o/  his  laboratory  work.     On  the  other  hand,  if  the  biology  teacher 
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has  a  well  equipped  laboratory  and  wants  to  do  the  work  in  an 
approved  way,  he  is  confronted  with  a  whole  series  of  problems  in 
\yorking  out  a  set  of  studies  suited  to  the  needs  of  his  pupils. 

To  do  the  laboratory  work  well,  the  teacher  must  have  thought 
through  the  course  and  adapted  the  studies  of  the  various 
plant  and  animal  forms  used  to  the  intellectual  capacity  of  first  year 
pupils.  The  course  must  give  the  pupils  firstrhand,  definite  in- 
formation about  some  of  the  great  biological  processes  that  are 
going  on  in  plants  and  animals.  It  must  not  degenerate  into  an 
elementary  nature  study  course  nor,  neither  in  whole  or  in  part, 
must  it  aim  to  prepare  the  pupil  for  a  medical  school. 

As  a  result  of  all  this  pressure  both  from  without  and  within, 
the  teacher  is  often  forced  to  follow  the  line  of  least  resistance  —  to 
do  that  which  requires  the  least  energy  and  initiative  —  to  substitute 
for  laboratory  work  the  study  of  the  textbook,  charts,  and  figures. 

Whether  or  not  the  teacher  takes  time  to  do  experimental  work 
there  is  sufficient  reason  for  using  it  at  every  available  place  if  it 
visualizes  the  question  to  be  considered  and  thus  leads  to  clearness 
of  conception ;  if  the  experiment  is  convincing  when  successfully 
carried  out;  if  it  develops  originality  and  independence  in  the  pupils 
who  must  think  out,  and  in  part,  devise  ways  and  means  to  do  the 
experiment;  and  finally,  if  it  gets  a  definite  series  of  reactions  from 
the  pupils. 

The  writer  has  been  doing  experimental  work  in  his  botany 
classes  during  the  past  five  years  and  regards  it  as  an  integral  part 
of  the  work.  Before  requiring  the  pupils  to  do  an  experiment  it  is, 
in  most  cases,  better,  to  discuss  it  in  class.  It  must  be  clear  that 
there  is  some  question  as  to  whether  a  certain  organ  really  does 
perform  a  particular  work;  for  example,  the  question  as  to  whether 
or  not  the  leaf  gives  off  water  vapor.  After  the  question  is  stated 
to  the  class  the  teacher  can  then  ask  for  suggestions  as  to  how  the 
pupils  could  prove  whether  or  not  leaves  give  oflf  water  vapor.  If 
the  question  is  too  difficult  for  the  pupils  to  answer  at  once,  assign 
it  for  home  work  and  have  them  write  out  additional  suggestions 
for  the  next  day.  If  the  teacher  can  get  the  pupils  to  write  out 
a  series  of  statements  that  show  how  to  prove  the  point,  he  has 
gotten  a  reaction  from  them,  aroused  interest,  and  excited  their 
curiosity  as  to  whether  their  respective  theories  of  the  way  to  prove 
the  problem  will  work  out  in  actual  practice.  Finally,  as  a  result 
of  this  work,  the  pupils  are  better  prepared  to  understand  the 
experiment  even  though  the  teacher,  in  the  end,  performs  it  as  a 
demonstration.     In  fact,  some  of  the  pupils  valW  \.^s\.  >(^€sx  ^^cix\^'?. 
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of  the  more  simple  experiments  before  bringing  them  into  class  to 
be  discussed  and  criticised.  The  teacher  should  remember,  there- 
fore, that  one  of  the  most  important  features  of  the  experimental 
work  is  the  discussion  as  to  how  the  problem  may  be  solved.  It  is 
only  in  this  way  that  a  certain  element  in  each  class  will  actually 
find  out  what  it  is  all  about.  Criticisms  and  objections  to  various 
suggested  plans  for  an  experiment  will  enable  these  pupils  to  grasp 
more  clearly  the  real  question  to  be  tested  as  well  as  the  best  means 
of  testing  it.  It  is  only  after  the  problem  to  be  tested  is  clear,  and 
the  ways  and  means  of  testing  it  are  evident  that  some  of  the  slug- 
gish, lazy  pupils  are  willing  to  take  the  initiative  and  try  the  ex- 
I>eriment  as  home  work.  However,  as  the  teacher  carries  on  the 
work,  he  can,  by  questioning,  stir  up  the  indifferent  pupils  and  get 
from  them,  too,  suggestions  as  to  the  way  in  which  new  experi- 
ments may  be  done. 

It  has  been  the  writer's  experience  that  the  first  year  high  school 
pupils  soon  become  good  critics  of  the  fairness  and  accuracy  of  an 
experiment.  Furthermore,  they  are,  in  general,  readily  taught  to 
be  honest  in  this  work.  They  soon  see  the  value  of  an  honest 
control  experiment  and  many  of  them  will  insist  on  one  before 
they  are  willing  to  accept  the  evidence  as  shown  by  the  experiment. 
Then,  too,  they  are  c|uick  to  recognize  defective  experiments  even 
in  our  textbooks ;  the  practical  worthlessness  of  a  conclusion  drawn 
from  attempting  to  grow  but  two  seedlings,  one  of  which  has  been 
mutilated,  has  been  frequently  pointed  out  to  me  by  my  pupils. 
With  a  minimum  of  a  dozen  of  each  kind  of  seedling  the  practical 
results  of  the  ex];>eriment  are  certain  to  be  more  accurate  and  to 
the  puj)il  will  seem  fairer. 

It  is  often  a  stimulus  to  the  experimental  home  work  to  have 
the  pupils  bring  the  experiment  and  the  control  to  school.  For 
this  work,  the  pupil  should  receive  an  official  mark  because  he  must 
l)e  made  to  feel  that  he  has  done,  or  at  least  has  attempted  to  do, 
an  integral  part  of  the  course.  If  the  teacher  is  in  doubt  as  to  the 
genuineness  of  these  home  experiments,  one  or  two  detailed  ques- 
tions will  usually  decide  the  matter.  As  a  rule,  the  pupils  can  do 
only  the  more  simple  experiments  at  home.  Of  these,  a  full  series 
of  observations  and  notes  should  be  made  and,  in  many  cases  it  is 
well  to  ask  for  illustrations  also.  Other  experiments  requiring 
more  apparatus  should  be  set  up  under  the  teacher^s  direction  in 
class  and  the  pupils  required  to  make  sketches  and  notes  to  show 
that  they  understand  what  the  experiment  teaches.  Finally,  some 
of  the  experiments  are  done  more  satisfactorily  during  the  regular 
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laboratory  period.  In  these,  too,  the  pupil  must  have  a  clear  notion 
of  the  problem  and  of  the  reason  for  each  step  of  the  experiment. 
Otherwise  many  of  the  students  will  passively  perform  the  experi- 
ment and  not  get  its  real  significance. 

We  have  found  it  a  convenience  for  our  pupils  to  arrange  the 
experimental  work  into  three  classes,  (a)  laboratory  work,  (b) 
demonstrations,  and  (c)  home  work,  with  the  understanding  that 
the  work  in  the  first  group  is  to  be  done  by  the  individual  pupils 
in  the  laboratory  and  is  required  of  all;  that  the  demonstrations 
are  to  be  performed  before  the  class  by  the  teacher  and  by  pupils 
with  the  teacher's  help,  and  that  these  observations,  notes  and  con- 
clusions form  a  regular  part  of  the  work  and  are  required  of  all 
pupils  unless  marked  optional.  Finally,  it  is  understood  that  the 
home  work  experiments  are  required  unless  marked  optional.  The 
required  home  work  must  be  written  up  in  neat  and  logical  form. 

A  simple  device  that  has  been  of  great  practical  service  in  the 
experimental  plant  work,  particularly  the  home  work,  has  been 
called  for  want  of  a  better  name  a  pocket  garden.  It  is  made  in  a 
variety  of  ways,  but  a  very  serviceable  one  may  consist  of  two 
negatives,  that  have  been  cleaned,  two  pieces  of  black  cloth  the 
same  size  as  the  negatives  and  several  pieces  of  blotting  paper  the 
size  of  the  glass  and  cloth.  After  the  seeds  have  been  soaked^ the 
pocket  garden  is  made  by  putting  the  wet  blotters  together  and 
the  pieces  of  cloth  on  each  side  of  them;  the  seeds,  a  half  dozen 
or  more  are  placed  on  the  outside  of  each  piece  of  cloth,  and  the 
glasses  are  put  outside  the  seeds  and  fastened  together  at  the  two 
ends  by  means  of  string  or  elastic  bands. 

The  pocket  garden  is  now  finished,  and  the  student  may  watch 
through  the  glasses  all  the  stages  in  germination  of  the  various 
seeds  which  he  has  been  asked  to  plant  or  cares  to  plant  for  him- 
self. It  is  necessary  to  keep  the  interior  moist,  but  if  the  garden 
is  generously  supplied  with  blotters  it  will  maintain  its  moisture  for 
several  hours.  We  have  had  no  difficulty  whatever  in  keeping 
dozens  of  these  gardens  in  the  laboratory  indefinitely  by  putting 
them  on  edge  into  a  pan  which  contains  some  water.  The  black 
cloth  is  used  because  the  parts  of  the  young  seedlings  are  usually 
white  and  the  root  hairs  particularly,  come  out  in  sharp  contrast 
on  the  black  backgroimd. 

These  pocket  gardens  have  been  used  in  practically  all  the  ex- 
perimental work  suggested  in  the  State  syllabus  under  seeds  and 
seedlings,  roots  and  stems,  as  well  as  in  additional  experiments 
not  suggested  by  the  syllabus. 
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To  use  a  single  illustration,  suppose  the  pupil  wants  to  find  out 
whether  or  not  the  roots  and  stems  of  germinating  seeds  have  a 
constant  direction  of  growth  with  reference  to  gravity.  Two 
gardens  may  be  used  and  while  one  is  kept  in  the  same  position  the 
other  may  be  shifted  at  all  sorts  of  angles  to  see  if  there  is  any 
corresponding  response  in  the  direction  of  growth  of  the  roots  and 
stems  of  the  half  dozen  young  plants  that  are  developing  on  each 
side  of  it.  India  ink  marks  on  the  glass  may  help  to  follow  the 
migrating  movements  of  these  roots  and  stems. 

The  syllabus  does  not  suggest  experiments  under  flowers  and 
fruits.  It  would,  however,  help  to  emphasize  the  function  of  the 
flower  as  a  whole  as  well  as  of  its  stamens  and  pistils  if  the  teacher 
should,  as  a  demonstration,  pollinate  the  flowers  of  a  potted  plant 
and  compare  the  later  development  of  these  pistils  with  others  like 
the  Begonia,  from  which  pollen  has  been  excluded.  If  the  pupils 
have  already  seen  pollen  under  the  microscope  and  have  observed 
as  a  demonstration  pollen  tubes  that  have  been  germinated  arti- 
ficially, they  are  able  to  understand  better  the  purpose  of  the  pollen, 
of  the  stigma,  and  of  fertilization  with  its  bearing  on  seed  produc- 
tion. Since  the  flower  is  usually  studied  chiefly  for  its  taxonomic 
imiK^rtance,  it  will  be  well  to  emphasize  to  the  student  its  real  pur- 
pose as  well  as  the  puqx>se  of  its  parts. 

In  aniclusion,  Um>  much  attention  can  not  be  given  to  any  work 
that  will  emphasize  the  fact  that  plants  and  animals  are  after  all 
fundamentally  alike :  and  that  the  same  great  biological  processes 
are  going  on  in  lK>th.  Vot  example,  the  pupil  knows  that  digestion 
takes  jilace  within  his  own  boJy.  that  he  nuist  be  nourished,  that 
he  breathes  by  using  up  oxygen  and  giving  off  carbon  dioxid, 
that  there  is  a  circulation  of  liquids  going  on  within  himself,  that 
he  is  irritable  an.l  res[v>nd>  in  detiniie  ways  t«>  external  stimuli  and 
that  his  IkhIv  is  carrying  on  vUIut  vital  i>roces>e>,  but  it  has  never 
occurred  to  him  that  the  same  biological  activities  are  going  on 
in  the  plants  about  him. 

While  certain  of  these  pr^vesses  may  l>e  tiemonstrated  more 
easily  in  plants  and  v»thers  in  animals  it  should  Iv  shown  as  far  as 
lH^<<iMo  that  they  are  all  going  on  in  W<i\.  We  can  iK^t  give  our 
pupils  any  aviequate  i.lea  ot  the  real  sigriiticance  of  these  great 
!Ti:vc:ples  it  we  vlo  !iot  emphasize  thern  by  exixTiment  wherever 
t!**ero  is  an  op'^vrttmity  in  the  ditTercnt  forms  studied.  There  are 
r!\c  ir.Tivrtan:  tacts  that  make  the  year's  cv^urso  a  unity  and  if  they 
arc  brought  out  at  every  step,  they  are  ni.^re  certain  to  be  under- 
s^v  1  at  the  end  of  the  course. 
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Section  C  — EARTH  SCIENCE 

FOWBB  aVEBTIOVS  AND  THEIB  VALVE 
BY  JENNIE  T.    MARTIN,  BUSINESS  HIGH    SCHOOL,    WASHINGTON,  D.   C. 

First,  what  do  we  mean  by  power  questions?  They  are  those 
which  show  how  much  mental  food  has  been  assimilated  or  how 
much  intellectual  muscle  has  been  developed.  In  teaching  physical 
geography  I  have  had  some  experience  with  three  classes  of 
thought  questions. 

A  Those  whose  answers  depend  upon  known  facts  but  which 
can  not  be  found  in  textbooks. 

B  Those  which  are  plausible  in  form  but  absurd  in  content. 

C  Original  diagrams  and  maps  to  test  knowledge  of  structure 
and  development  of  physiographic  features  and  the  power  of 
visualizing  on  the  part  of  the  pupil. 

I  will  illustrate  each  of  the  three  classes  by  actual  questions  and 
problems  which  I  have  used. 

Under  practical  questions  are  the  following : 

1  Give  the  process  by  which  the  mica  schist  along  Rock  creek 
is  being  changed  to  clay. 

2  Which  is  more  useful  for  water  power,  the  Potomac  at  Wash- 
ington or  Rock  creek  (a  stream  of  high  gradient)  and  why? 

3  Why  are  the  pebbles  in  the  gravel  beds  about  Washington, 
round  and  hard?  What  do  they  show  about  the  origin  of  the 
beds? 

4  What  are  the  uses  of  the  Potomac  to  the  people  of  Wash- 
ington ? 

5  Why  is  the  clay  of  New  York  State  better  for  crops  than  the 
clay  of  Virginia  ? 

6  Why  does  the  asphalt  pavement  sometimes  bulge  in  summer? 
Why  are  so  many  repairs  necessary  in  the  spring? 

Illustrating  absurd  questions  are  the  following: 

1  Why  is  the  soil  in  the  Mississippi  flood  plains  about  Cairo 
finer  than  it  is  at  New  Orleans? 

2  Explain  fully  why  so  many  volcanoes  are  found  in  the  interior 
of  Asia. 

3  Why  are  caves  commonly  found  in  sandstone? 

4  If  a  cyclonic  storm  center  is  at  Buffalo,  December  5,  how  many 
days  later  will  it  reach  St  Paul,  Minn.? 
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5  Why  is  the  weather  so  warm  at  the  center  of  an  anticyclone 
area? 

The  following  list  of  test  diagrams  suggests  their  cliaracter. 

1  Draw  5  diagrams  illustrating  as  many  stages  in  the  develop- 
ment of  a  river  valley. 

2  Draw  5  diagrams  illustrating  the  successive  changes  in  the 
divide  between  two  rivers  that  develop  from  youth  to  old  age. 

3  Draw  5  stages  in  the  formation  of  a  cavern. 

4  Draw  a  map  of  a  hill  drained  by  five  rivers.  (Use  shading, 
hachures  or  contours). 

Draw: 

1  A  cavern  containing  an  underground  stream. 

2  A  later  stage  of  the  same  showing  a  natural  bridge. 

3  A  view  of  number  "  2  "  as  seen  from  above. 

To  make  such  questions  most  stimulating  and  valuable,  they 
should  be  used  both  in  recitations  and  written  tests.  The  absurd 
questions  should  be  introduced  among  reasonable  ones  with  no  hint 
of  their  character,  and  they  should  not  be  overworked.  Practical 
questions  applying  principles  can  not  be  too  frequently  used.  One 
of  the  most  important  uses  of  the  test  diagram  is  to  reveal  to  the 
teacher  the  state  of  the  pupils'  minds,  and  the  revelation  is  often 
wonderful  indeed. 
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Saturday  afternoon,  December  28 

THE  PUBIFIOATIOV  OF  WATEB 

(Abstract) 
BY  E.  M.  CHAMOT,  CORNELL  UNIVERSITY 

The  increasing  complexity  of  modern  life  involving  as  it  does 
the  massing  of  population  in  certain  districts  and  the  wholesale 
distribution  of  water  and  food  has  served  to  intensify  many  diffi- 
culties in  sanitation. 

Nowhere  is  this  more  marked  than  in  the  question  of  water 
supply  on  account  of  the  prevalence  and  nature  of  water-borne 
diseases.  It  has,  in  fact,  become  impossible  to  supply  most  munici- 
palities with  water  from  any  natural  source  which  is  or  may  not 
become  at  any  moment  a  source  of  danger  from  typhoid  or  other 
enteric  disorders. 

With  this  fact  established  it  has  been  found  necessary  to  resort 
to  some  process  for  the  removal  of  bacteria  or  their  destruction. 
Two  general  methods  of  filtration  to  accomplish  this  removal  have 
come  into  use  and  are  known  as  the  slow  or  sand  filtration  and 
the  mechanical  or  American  method.  The  first  of  these  requires 
large  sand  beds  which  are  scraped  periodically  and  on  which  there 
forms  the  so  called  pathogenic  layer  which  is  the  active  agent. 
The  second  method  employs  a  coagulant  which  forms  a  glutinous 
mass  and  on  settling  carries  the  bacteria  with  it.  After  settling, 
the  clearer  portion  is  filtered  through  small  sand  beds,  which  may 
be  washed  by  reverse  flow. 

There  is  no  marked  diflFerence  in  efficiency  in  these  two  types 
of  filter.  When  properly  constructed  and  operated  the  removal 
of  organisms  is  practically  complete  and  the  water  is  entirely  safe. 

Many  illustrations  of  filter  plants  and  their  methods  of  operation 
were  g^ven  and  also  statistics  on  the  cost  to  the  community  of 
water-borne  diseases  and  how  water  becames  polluted.  It  was 
made  clear  that  water  purification  has  become  an  economic  ques- 
tion of  prime  importance  as  well  as  a  sanitary  one. 
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THE   TSACHnrO  OF   BCXSVOE 

(Abstract) 
BY  L.  H.  BAILEY 

It  is  first  necessary  to  state  what  science  is.  It  is  fact,  organized. 
It  consists  of  indisputable  knowledge  and  accepted  rational  hy- 
pothesis. 

Organized  fact  underlies  all  effective  living,  and  therefore  all 
civilization  that  is  worthy  of  the  name.  We  have  largely  passed 
through  the  theological  interpretation  of  the  natural  world ;  we  have 
also  passed  through  the  philosophical  interj:rctation  of  it;  we  are 
now  in  the  epoch  of  the  scientific  interpretation,  which  is  to  ascer- 
tain the  fundamental  facts  in  respect  to  it  and  tj  reason  only  there- 
from. 

We  are  teachers;  it  is  our  business  to  open  the  minds  of  th* 
young  to  the  methods,  the  points  of  view,  and  the  facts  of  science. 

It  is  first  of  all  essential  that  we  distinguish  between  the  teaching 
function  and  the  research  function.  The  research  function  is  essen- 
tial to  the  determination  of  the  ultimate  fact;  but  as  teachers  we 
are  concerned  primarily  with  the  mode  of  presentation  to  the  young 
minds.  I  propose  to  suggest  four  or  five  considerations  that  make 
for  good  teaching  of  science. 

a  Out  minds  must  be  open  to  the  truth  if  we  are  to  teach  ac- 
curately and  effectively.  It  is  not  the  business  of  the  teacher  of 
.science  to  prove  a  thesis,  nor  to  assume  gratuitously  a  point  of  view. 
In  this  respect  the  scientist  dift'ers  from  other  men.  It  is  a  lawyer's 
business,  for  example,  to  advocate,  or  to  prove  a  case  and,  there- 
fore, to  that  extent  he  can  not  be  a  scientist.  Neither  are  ministers 
scientists,  for  they  start  with  an  assumption  of  what  truth  is  and 
then  make  their  investigation  fit  the  hypothesis.  When  ministers 
really  become  scientists,  religion,  as  we  now  formulate  it,  will  be 
upset  but  we  shall  arrive  thereby  at  a  truer  statement  of  religion 
and  a  better  outlook  on  life.  Philosophers  usually  are  not  scientists 
because  they  start  with  an  assumed  premise.  They  are  ver>'  likely 
to  deceive  themselves  in  the  end.  In  the  past  they  have  too  often 
l>een  sophists.  The  scientist  is  interested  in  his  fact  and  bases  every- 
thing thereon  ;  the  philosopher  and  minister  are  likely  to  be  interested 
more  in  the  process  of  the  argument  or  interpretation.  The  real 
scientist  is  absolutely  impartial  to  himself  and  to  his  work.  No 
matter  what  opinions  he  may  have  expressed,  or  what  books  he 
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may  have  written  in  support  of  any  line  of  thought,  he  at  once  dis- 
regards his  former  position  if  he  finxls  that  facts  are  against  it;  and 
he  is  as  intensely  interested  to  discover  these  facts  as  any  other 
person  would  be.  Very  few  persons  really  desire  to  know  the  truth, 
and  there  are  very  few  that  are  willing  to  believe  it,  even  though 
they  may  be  all  unconscious  of  this  mental  attitude.  So  thoroughly 
are  tradition,  preconceptions  and  prejudices  established  in  us  that 
it  is  very  difficult  for  any  man  so  completely  to  dissociate  himself 
that  he  can  interpret  the  natural  world  without  coloring  his  inter- 
pretation by  his  own  personality.  I  suppose  that  we  can  never  dis- 
sociate the  interpretation  of  nature  from  personality;  but  the  nearer 
the  approach  to  this  state  the  truer  will  be  our  outlook  toward  fact. 

All  these  statements  are  well  illustrated  in  the  general  movement 
of  thought  consequent  on  the  publication  of  Darwin's  books.  Before 
his  time  the  theological  explanation  of  the  world  was  dominant : 
animals  and  plants  are  what  they  are  and  where  they  are  because 
so  made  and  placed  by  the  Creator.  The  adaptation  of  these  organ- 
isms to  their  conditions  is  perfect  because  they  were  designed  to  be 
])erfect.  Darwin's  philosophy  challenged  all  this.  The  interpreta- 
tion of  nature  following  the  publication  of  Darwin's  early  works, 
however,  had  just  as  strong  teleological  trend  as  before,  for  all  the 
characteristics  and  organs  of  plants  and  animals  were  supposed  to 
have  been  perfectly  adapted  to  their  conditions  through  long  struggle 
for  existence  and  survival  of  the  fittest.  It,  therefore,  became  a 
habit  of  mind  to  ask  what  everything  is  for.  Does  a  leaf  have  hairs, 
we  assume  that  the  hairs  must  have  some  definite  purpose,  even 
though  they  have  arisen  as  the  result  of  natural  selection.  Does 
the  cactus  have  spines,  they  must  be  for  the  purpose  of  protecting 
the  plant  from  browsing  animals.  Does  an  animal  have  curious 
markings,  they  must  serve  some  purpose  in  its  protection.  The 
interpretation  of  nature  was  still  definite.  We  have  now  learned, 
however,  that  we  must  not  approach  objects  in  nature  with  any 
assumption  that  everything  serves  a  purpose.  A  few  days  ago  a 
teacher  wrote  me  asking  what  is  the  use  of  the  peg  on  the  germinat- 
ing squash  plant.  I  replied  that  I  was  not  aware  that  it  had  any 
use ;  I  am  afraid  that  she  was  shocked  when  she  got  my  letter.  The 
proper  attitude  is  not  to  ask  what  a  thing  is  for,  but  to  ask  what 
it  is. 

b  As  science  teachers  we  must  put  the  learner  into  touch  with 
life  and  activity.    I  am  sure  that  we  have  been  too  much  inclined 
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to  sq>arate  our  teaching  from  the  affairs  of  life.  It  has  been  a 
popular  demand  that  education  be  "  practical/'  but  educators  seem 
to  have  resisted  the  demand  to  a  large  extent.  I  think  tjiat  we 
would  be  in  danger  of  giving  the  student  a  partial  view  of  science 
and  of  life  if  all  our  teaching  were  to  be  practical  in  the  sense  of 
being  usable  in  securing  dollars  and  cents,  but  it  certainly  must  bo 
true  that  the  practical  affairs  of  life  are  as  well  worth  incorporating 
into  a  body  of  knowledge  and  method  of  training  as  any  other  affairs 
or  facts  are.  It  is  equally  partial  to  teach  only  those  things  which 
do  not  have  relation  to  the  affairs  of  life,  which  unfortunately  has 
been  common.  I  like  to  use  the  word  *'  adaptable  "  or  "  applicable  " 
in  the  place  of  **  practical.'* 

I  do  not  at  all  like  the  division  of  subject-matter  into  pure  science 
and  other  science  for  I  do  not  like  the  implication  that  some  science 
is  impure.  All  science  is  science  whether  it  has  any  direct  or  obvious 
application  or  not  and  it  is  all  equally  worth  teaching;  but  when 
we  are  dealing  with  the  young  it  should  be  our  opportunity  so  to 
instruct  and  lead  out  as  to  put  the  pupil  into  direct  and  sympathetic 
relations  with  the  life  he  is  living.  I  know  a  junior  in  college,  for 
example,  who  has  had  college  physics ;  he  knows  practically  nothing 
about  light,  or  heat,  or  sound,  or  friction,  or  the  common  physical 
phenomena  of  life,  although  he  has  had  much  mathematics.  I  am 
quite  sure  that  some  of  us  really  learned  more  of  understandable 
and  relevant  physics  from  Wells's  old  Natural  Philosophy  than 
some  persons  now  learn  from  a  course  in  physics.  In  the  old  days  we 
taught  botany  to  a  large  extent  by  requiring  the  pupils  to  collect 
plants  and  to  press  them  neatly  between  layers  of  paper.  We  have 
passed  that  epoch  and  wc  do  not  wish  to  return  to  it;  and  yet  that 
method  with  all  its  shortcomings  had  the  advantage  of  taking  the 
pupil  out  of  dofjrs  and  putting  him  in  touch  with  real  plants.  Then 
came  the  German  laboratory  methofl  and  the  study  of  minute 
structure  and  training  in  technic.  We  gained  much  in  dexterit\' 
and  we  g<;t  nearer  the  fundamental  facts  but  we  lost  our  touch  with 
life.  It  is  not  true  that  it  is  best  to  begin  the  teaching  of  plants  by 
discussion  of  the  cell  and  the  lower  forms  of  flowerless  plants  and 
all  tliat.  The  first  course  in  botany  should  put  the  pupil  into  rational 
relationship  with  the  plants  about  him  in  their  larger  and  grosser 
■pliases.  Wc  have  passed  through  a  similar  j^liase  in  the  teaching 
of  zckAo^y  and  we  are  now  in  the  epoch  of  teaching  physiology 
formally  and  sometimes  even  partially.  It  is  significant  that  there 
is  iK)w  a  demand  for  the  teaching  of  biology  whereby  we  are  to 
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get  hold  of  the  underlying  processes  of  life  whether  in  the  plant, 
the  animal  or  the  human  being,  and  we  shall  learn  what  are  the 
reactions  of  all  these  organisms  to  their  conditions  and  environments. 
This  teaching  will  be  what  we  ought  to  mean  by  the  word  practical* 

c  It  is  apparent  that  we  are  in  the  beginning  of  a  widespread 
dissatisfaction  with  the  textbook.  This  in  fact  amounts  in  some 
places  to  a  revolt.  This  is  one  expression  of  the  conviction  that 
teaching  should  begin  with  the  natural  activities  of  the  child  and 
that  books  should  be  a  secondary  and  incidental  consideration. 
Every  practical  teacher,  of  course,  recognizes  that  the  textbook 
must  be  used,  but  we  are  beginning  to  feel  that  it  is  not  a  primary 
agent.  The  dissatisfaction  is  not  so  much  with  the  textbook  itself 
as  with  the  character  of  the  books.  They  have  been  developed  very 
largely  from  the  college  or  academic  point  of  view  and  have  been 
written  too  often  by  men  engaged  in  college  teaching.  The  colleges 
have  imposed  their  methods  on  the  schools.  This  method  is  usually 
too  advanced  in  point  of  view  for  the  public  schools.  It  usually 
attempts  to  work  out  a  body  of  knowledge  rather  than  to  put  the 
pupil  directly  into  relationship  with  the  activities  of  life.  The 
schools  should  now  be  strong  enough  to  develop  their  own  methods 
and  their  points  of  view  even  if  in  the  end  they  thereby  dominate 
the  colleges. 

The  mere  textbook  teaching  is  nearly  always  poor  teaching.  Like- 
wise the  mere  indoor  laboratory  teaching  may  be  just  as  bad  as 
exclusive  textbook  work.  We  have  heard  much  about  the  poor 
teaching  in  the  public  schools.  Speaking  with  public  school  teachers 
in  mind,  I  bid  them  be  comforted.  Some  of  the  poorest  teaching 
I  have  ever  seen  has  been  in  the  colleges  and  universities.  In  the 
qualifications  of  the  college  teacher,  the  emphasis  is  likely  to  be 
placed  in  his  knowledge  and  learning.  Now,  any  one  of  good  mind 
may  become  learned,  but  only  a  few  persons  can  teach.  Only  a 
young  mind  can  ever  teach,  whatever  the  age  of  the  teacher.  In 
colleges  the  teaching  function  is  likely  to  be  subjugated  to  the 
research  function  or  the  specialist  function;  and  the  mass  of 
students  is  sacrificed  to  the  few.  Freshmen  and  the  general  classes 
are  far  the  most  important,  not  the  special  students  here  and  there. 
The  special  advanced  students  usually  have  interest  and  momentum 
enough  to  enable  them  to  make  their  own  way  with  the  minimum  of 
effort  on  the  part  of  the  teacher.  Many  a  teacher  in  the  secondary 
schools  will  give  the  pupils  a  better  grasp  on  the  subject  and  a 
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broader  point  of  view  than  a  learned  college  professor,  and  for  the 
very  good  reason  that  such  teacher  is  not  so  conscious  of  his  scieri-  . 
tific  reputation  as  to  be  afraid  to  teach.  He  is  blest  with  what  some 
gcxMl  persons  call  a  **  superficial  *'  view  of  the  subject.  A  good 
teacher  in  the  secondary  schools  is  able  to  get  along  with  not  ver}' 
much  expensive  laboratory  equipment.  I  am  convinced  that  some 
of  our  equipment  is  ten:)  expensive  and  too  complete  for  the  best 
teaching,  however  necessary  it  may  be  for  research.  Some  high 
schools  have  emulated  the  equipment  of  colleges  until  they  have 
more  apparatus  than  they  need,  and  when  this  occurs  it  becomes  a 
positive  handicap.  J>oth  in  colleges  and  secondary  schools  we  need 
to  get  back  to  directness  and  simplicity.  Our  first  aim  should  be  to 
develop  experience  and  to  give  a  point  of  view. 

We  are  likely  to  place  too  great  value  on  the  mere  subject-matter 
of  any  course  of  study.  In  colleges  we  must  come  to  a  time  when 
students  do  n;»t  choose  subjects  merely  by  their  names  in  the  cata- 
hfgues.  Sometime  we  will  make  our  courses  of  study  in  terms  of 
the  men  who  teach.  1  a:n  sure  that  our  colleges  are  turning  out  a 
vast  number  of  uneducated  persons. 

(I  There  is  a  rapidly  rising  interest  in  the  teaching  of  agi'iculturc 
and  other  inchistrial  subjects.  This,  I  take  it,  is  only  another  expres- 
sion of  the  feeling  that  our  education  must  l)e  made  vital  and  appli- 
cable. 1  am  lookin.i(  t  >  the  teaching  of  agricultural  subjects  in  both 
college>  and  public  ^chcM  1<  as  a  means  of  introducing  a  new  type 
of  educational  etT<  rt.  We  shall  i)robably  find  when  we  come  to 
write  a  history  of  education  a  few  years  hence,  that  the  agricultural 
colleges  have  made  a  very  great  contribution  to  constructive  peda- 
gogy. We  >liall  (hid  nUit  thai  their  influence  will  have  had  marked 
effect  on  the  ty])e  aufl  mode  of  teaching  in  all  ]>ublic  schools  every- 
where, it  i>  not  >o  much  that  the  subject  is  agriculture  as  it  is 
that  the  teaching  is  directly  related  to  the  normal  development  of 
the  inipil  or  the  >tudent. 

r  1'here  is  a  \vi'V^si)rea'l  and  growing  interest  in  the  nature  study 
s]Mrit.  We  are  gradually  coming  to  realize  that  nature  study  is  not 
a  subject  to  be  acb'ed  to  a  curriculum  so  much  as  it  is  a  mode  of 
teaching.  Xeither  is  it  a  '*  metliorl."  as  that  term  is  understood  in 
normal  schools  and  elsewhere.  1'he  nature  study  mode  is  to  teach 
the  things  nearest  at  hand  anrl  to  teach  them  for  the  sake  of  the 
pupil  rather  than  for  the  sake  of  the  subject.  Tt  takes  a  pupil  out 
of  doors  and  into  touch  with  the  natural  worhl  of  men  and  animals 

fj  plants  and  to  the  earth  on  which  we  live. 
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It  has  been  said  that  the  nature  study  movement  apphes  specially 
to  the  secondary  schools.  I  have  come  to  feel  that  there  is  just  as 
much  need  of  it  in  the  colleges  as  in  the  public  schools  for  the  work 
of  colleges  also  may  be  barren. 

/  My  thesis  then  is  this:  as  science  teachers  we  should  be  inter- 
ested more  in  the  student  than  in  the  science;  the  student  needs 
point  of  view  and  conception;  the  science  teaching  should  be  vital, 
relevant,  meaningful  and  applicable. 
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SUMMARY  OF  SESSIONS 

TUESDAY  MORNING.  DECEM3ER  29 

Council  meeting.     Room  205,  Lyman  Hall  of  Natural  History 
Registration  of  members.     Room  117 

General  session 

Union  meeting  with  the  nature  study  section  of  the  New  York 
State  Teachers  Association,  President,  H.  C.  DeGroat,  Grammar 
School  31,  Buffalo.     Room  117,  Lyman  Hall 
Address  of  Welcome,  Dr  John  L.  Heffron,  Dean  of  the  Medical 

College,  Syracuse  University 
Response,  President  elect  O.  C.   Kenyon,  Central  High  School, 

Syracuse 
High  School  Agriculture 

G.  F.  Warren,  Cornell  University 
Discussion 
A  Science  Course  for  Elementary  Schools,    (a)  Of  What  Shall  It 
Consist?      (b)    How   Shall    Its   General   Adoption   in   This 
State  be  Secured? 
O.  C.  Kenyon,  Central  High  School,  Syracuse;  L.  S.  Hawk- 
ins,   Cortland    Normal    School;    Augustus    Klock,  "High 
School,  Beverly,  Mass.;  John  F.  Woodhull,  Teachers  Col- 
lege, New  York ;  C.  Edward  Jones,  State  Education  Depart- 
ment, Albany 
Discussion 

TUESDAY  afternoon,  DECEMBER  29 

Inspection  of  apparatus  and  of  such  demonstrations  as  the  sepa- 
rate exhibitors  may  choose  to  give.  A  printed  list  of  these  exhibits 
will  be  distributed  at  the  meeting. 

The  nature  study  and  high  school  agriculture  exhibits  will  be  in 
rooms  205  and  208,  Lyman  Hall  of  Natural  History;  biology  in 
room  216;  earth  science,  room  310;  physics  exhibit  in  Steele  Hall; 
chemistry  in  Bowne  Hall ;  electrical  and  mechanical  engineering 
in  Lyman  Cornelius  Smith  College  of  Applied  Science. 
Demonstration  of  Brennan  Mono-rail  Gyroscopic  Car 

J.  S.  Shearer,  Cornell  L'niversity 

Section  meetings 
Section  A  —  Physics  and  chemistry.    Room  307,  Bowne  Hall  of 
Chemistry.     C.  L.  Harrington,  chairman,  Institute  of  Arts  and 
Sciences,  Brooklyn 
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IfmizsLiion  Theory  —  Demonstration,  with  iapplication  to  electrolysis 

Harry  A.  Carpenter,  Rochester  West  High  School 
A  Method  and  Apparatus  for  Detecting  and  Exhibiting  the  Fluo- 
rescence of  Fluorescent  Substance.    Dlustrated 

Wallace  Goold  Levison,  Brookl3m 
Wireless  Telegraphy  —  Lecture,  fully  illustrated 

C  L.  Harrington 
Section  B  —  Biology.    Room  209,  Lyman  Hall  of  Natural  Science. 

L.  S.  Hawkins,  chairman,  Cortland  Normal  School 
Demonstration  of  the  Work  on  Types  in  the  First  Year  Course  in 

Biology,  under  the  direction  of  W.  M.  Smallwood,  Syracuse 

University 
Round  Table  Conference  on  the  Subject-Matter  of  the  Syllabus 
Section  C  —  Earth  science.     Room  310,  Lyman  Hall  of  Natural 

History.     W.  W.  Clendexix,  cftairman,  Wadleigh  High  School, 

New  York 
Relative  Insolation  Demonstration 

Frank  L.  Bryant,  Erasmus  Hall  High  School,  Brooklyn 

EWscussion 
A  Demonstration  of  a  Map  and  Modeling  Apparatus 

Prof.  Irving  D.  Scott,  University  of  Michigan 

General  session 

Union   meeting  with   the   Associated   Academic   Principals,   L.   F. 
I  lorxiK,  Malone,  President.     Room  117,  Lyman  Hall  of  Natural 
I  fi  story 
lv)iiipnicnt,  Condition  and  Methods  in  Science  Teaching  in  Second- 
ary Schools 
Prin.  Charles  F.  Harper,  Central  High  School,  Syracuse 
Discussion  opened  by  Frank  Rollins,  Assistant  Commissioner 
of  I''(lucation ;  Howard  Lyon,  Oneonta  Normal  School 

TUESDAY  EVENING.  DECEMBER  29 

Union  meeting  under  the  direction  of  the  Associated  Academic 
1  Principals.     Lincoln  Hall,  Central  High  School 
A^aicultiiro  and  Its  Educational  Needs 

Hon.  A.  S.  Draper,  Commissioner  of  Education 

WEDNESDAY  MORNING.  DECEMBER  30 

Section  meetings 
Section  A  —  Physics  and  chemistry.     Room   307,   Bowne  Hall 
(>f  Gicniistrv.      C.  L.  IlARRrNGTOX,  chairman 
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Election  of  officers 

The  Chemist  versus  the  Trained  Workman 

R.  Livingston  Fernbach,  Brooklyn 
Demonstration  of  Physical  Apparatus 

Prof.  Charles  Forbes,  Columbia  University 
Some  Practical  Physics  Apparatus 

William  A.  Timbie,  Pratt  Institute,  Brooklyn 
Brief  Demonstrations 

Jennie  P.   Hanna,  Rochester  East  High  School;  Bryan   O. 
Burgin,  Albany  High  School;  C.  L.  Harrixgtox,  Brooklyn 
Institute 
Plain  Cross  Section  Drawings  on  Cardboard  for  School  Use 

S.  B.  Everts,  Adams  High  School 
Demonstrations  in  the  Power  House  and  Engineering  Building 

(a)  The  DeLaval  Steam  Turbine 

(b)  A  lOO-ton  Testing  Machine 

(c)  Mercury-arc  Transformer  and  Reflectoscope 

William  P.  Graham  and  James  B.  Faulks,  Syracuse  University 
Section  B  —  Biology.     Room  209,  Lyman  Hall  of  Natural  His- 
tory.    L.  S.  Hawkins,  chairman 
Bird  Study  in  Biology.     Illustrated 

Guy  Andrew  Bailey,  Geneseo  Normal  School 
Why  are  the  Weals  of  Biology  Teaching  Not  Realized? 

A.   G.   Clement,  Inspections   Division,  State  Education  Depart- 
ment, Albany 
The  Present  and  Future  of  Physiology  in  the  High  School 

Charles  G.  Rogers,  Syracuse  University 
Section  C  —  Earth  science.      Room  310,  Lyman  Hall  of  Natural 

History.     W.  W.  Clendenin,  chairman 
The  Use  of  the  Stereopticon  in  Physiography  Teaching.    Illustrated 
Oscar  von  Engeln^  Cornell  University 

Discussion 
The  Use  of  the  Stereoscope  in  Physiography  Teaching 
A.  E.  OsBORXE,  New  York  city 

Discussion 
Does  Our  Syllabus  in  Physical  Geography  Need  Revising? 

General  Discussion. 

Appointment  of  committees  and  election  of  officers  for  the  en- 
suing year 

Luncheon.     Sims  Hall.     Given  by  the  University  to  the  members 
of  the  Science  Association 
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WEDNESDAY  AFTBRHOOH.  DECEMBER  jo 

General  session 

Room  311,  Bowne  Hal!  of  Chemistr)- 
Recent  Progress  in  Artificial  Illumination 

Henry  Monmouth  Smith,  Syracuse  University 
Room  117,  Lyman  Hall  of  Natural  Science 

Demonstration    with    Reflectoscope.       Reactions    of    Microscopic 
Organisms 
W.  M.  Smallwood  &  Charles  G.  Rogers,  Syracuse  University 

Business  meeting 
Room  117,  Lyman  Hall  of  Natural  Histor>' 

Report  of  committees 

Physics.     Revision  of  Syllabus.     Dr  John  F.  Woodhull 

Biology.    Revision  of  the  Syllabus.    Dr  W.  M.  Smallwood 

Committee  on  resolutions 

Report  of  council  meeting 

Committee  on  nominations 

Election  of  officers 

Treasurer's  report 
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General  meeting 
Report  of  committee  on  revision  of  physics   syllabus.     The 

following  resolutions  were  presented  by  the  chairman  of  the  com- 
mittee, Dr  John  F.  Woodhull: 

Whereas,  The  local  conditions  and  needs  of  a  community  must 
largely  determine  the  kind  of  physics  which  should  be  taught  in  its 
schools ; 

I  Resolved,  That  the  syllabus  should  be  broadened  so  as  to  in- 
clude much  more  than  any  school  may  be  expected  to  teach  in  one 
year  and  that  local  authorities  should  select  such  portions  as  may 
be  best  utilized  in  connection  with  their  available  equipment  and 
the  school's  environment;  that  Regents  examinations  should  contain 
such  a  number  of  questions  and  so  distributed  as  to  make  it  possible 
for  a  student  who  has  had  a  year's  work  of  five  periods  per  week 
to  select  the  required  number  to  be  answered  without  undue 
difficulty. 

2  Resolved,  That  the  use  of  formulas  and  of  mathematics  in  the 
Regents  exaininations  in  physics  should  be  considerably  reduced. 

3  Resolved,  That  the  Regents  examinations  should  count  for  one 
half  in  the  students  final  grade  in  physics  and  the  teacher's  marking 
on  the  year's  work  one  half,  provided  neither  is  below  50*^  on  the 
usual  scale  of  marking,  and  provided  such  marks  be  filed  at  the 
commissioner's  office  before  the  examinations  occur. 

4  Resolved,  That  the  physics  committee  of  this  association  be 
instructed  to  communicate  in  suitable  form  to  the  Commissioner  of 
Education  the  wishes  of  the  association  in  regard  to  these  matters. 

After  considerable  discussion,  each  resolution  was  voted  upon 
separately  and  adopted. 

Report  of  committee  on  revision  of  biology  syllabus.  The 
following  report  and  recommendations  were  presented  by  Dr  W.  M. 
Smallwood,  chairman  of  the  committee: 

The  committee  on  biology  was  appointed  three  years  ago.  At  that 
time  it  was  felt  that  the  present  course  in  biology  in  the  first  year 
in  the  high  sch(x>Is  was  established  without  its  previously  having  had 
a  good  consideration.  There  were  also  very  evfdent  faults  in  the 
course,  which  it  was  hoped  the  committee  would  investigate  and  try 
to  improve.    The  first  committee  consisted  of  Professor  Peabody  of 
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the  New  York  City  High  School,  as  diairman.  Prof.  \V.  M.  Small- 
wood  of  Syracuse  University  and  Prof.  G.  F.  Atkinson  of  Cornell 
University.  The  chairman  of  the  committee  resigned  one  year  ago. 
Miss  Byrnes  was  then  added,  and  the  next  member  on  the  commit- 
tee made  chairman. 

As  the  committee  was  constituted  it  was  top-hea\y  with  college 
professors.  Realizing  that  this  would  be  a  possible  valid  criticism 
against  the  work  of  the  committee,  the  chairman  suggested  that  two 
other  members  be  added,  one  to  represent  the  normal  schools  and 
ia  second  representative  from  the  high  schools.  This  idea  appealed 
favorably  to  the  other  members  of  the  committee,  and  the  executive 
committee  of  the  State  Science  Teachers  Association  was  asked  to 
approve  of  the  appointment  of  Prof.  L.  S.  Hawkins  of  the  Cort- 
land Normal  School,  and  Prof.  L.  B.  Gary  of  the  Buffalo  High 
School. 

About  this  time  Professor  Atkinson  resigned  from  the  committee, 
because  he  believed  it  was  impossible,  without  a  suitable  appropria- 
tion, to  gather  information  satisfactory  enough  to  warrant  any  at- 
tempt at  revision  of  the  syllabus;  and  for  the  further  reason  that 
the  present  course  had  hardly  been  in  operation  long  enough  to  war- 
rant its  revision.  The  personnel  of  the  committee  which  makes  this 
report,  then,  consists  of  but  one  member  of  the  original  committee 
appointed  three  years  ago.  In  attempting  to  gather  the  information 
it  seemed  desirable  to  give  to  each  member  a  particular  grade  of 
work.  Miss  Hyrncs  was  assigned  to  the  eastern  part  of  the  State, 
including  New  York  city  and  Brooklyn.  Mr  Gary  was  given  the 
western  and  central  parts  of  the  State.  These  two  members  of  the 
committee  gathered  such  information  as  they  could  from  the  many 
high  schools  in  the  State.  Mr  Hawkins  was  assigned  to  the  normal 
schof>ls,  and  the  chairman  was  held  responsible  for  gathering  in- 
formation frf>in  tlu"  several  colleges. 

A  uniform  letter  was  issued,  which  asked  for  information  along 
the  following  lines : 

1  What  (]n  you  consider  the  strong  points  of  the  present  course 
in  general  biology  in  the  high  schools? 

2  Tti  what  particulars  is  the  present  course  unsatisfactory^? 

3  .Specify  what  changes  you  would  like  to  have  recommended: 
(a)  as  tr>  additirms :  (b)  as  to  subtractions;  (c)  as  to  elaborations; 
(d)  any  changes  not  included  in  a,  b  and  c. 

Tn  this  way  the  committee  has  tried  as  best  it  could  to  collect  all 
the  available  information  with  reference  to  the  present  course;  and 
while  a  considerable  degree  of  complaint  arises  in  the  high  schools, 
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it  should  be  said  that  they  have  shown  the  least  interest  in  answer- 
ing Ltters.  It  should  also  be  stated  that  it  is  impossible  to  get  the 
best  kind  of  information  without  visiting  typical  schools.  This  the 
committee  was  unable  to  do  without  an  appropriation.  To  this  ex- 
tent our  work  is  subject  to  criticism ;  but,  in  the  main,  we  believe 
that  we  have  collected  a  valuable  lot  of  infomiation  relative  to  the 
present  course  and  possible  changes. 

In  view  of  the  impending  reorganization  of  some  of  the  secondary 
school  work  in  the  State,  it  seems  inadvisable  to  make  a  series  of 
detailed  recommendations  in  reference  to  some  special  course  in 
biolog\'.  If  the  committee  had  any  way  of  knowing  what  the 
course,  or  courses,  would  be  in  the  new  scheme  of  reorganization, 
they  would  gladly  attempt  to  formulate  as  fully  as  possible  such  a 
course,  or  courses. 

On  the  assumption  of  the  reorganization  of  the  secondary  school 
work,  the  committee  feels  justified  in  making  the  following  general 
recommendations : 

A  I  That  all  of  the  required  work  in  physiology,  such  as  is  now 
given  in  the  upper  grades  and  the  first  year  of  the  high  school,  be 
condensed  into  one  course  for  a  half  year.  In  this  course  the  work 
in  anatomy  and  histology  should  be  reduced  to  a  minimum,  and 
the  general  problems  of  physiology  —  sanitation,  personal  hygiene, 
etc. —  should  receive  more  attention  than  is  now  given  to  them. 

2  That  a  half  year  course  in  nature  study  or  elementary  science 
be  given.  This  course  could  be  very  materially  benefited  by  utilizing 
many  of  the  nature  study  features  in  the  present  biology  course. 

B  We  further  recommend  that  the  high  schools  be  given  the 
option  of  establishing  a  required  course  for  tiie  whole  year,  select- 
ing any  one  of  the  following:  botany,  biology,  physiology  or 
zoology;  this  course  to  be  so  formulated  as  to  be  acceptable  as  a 
unit  subject  for  college  entrance.  The  reasons  for  offering  an 
option  on  these  four  subjects  may  be  outlined  as  follows:  First  of 
all,  there  is  a  wide  diversity  of  situation  in  this  great  State,  from 
crowded  tenement  districts  to  high  schools  located  in  the  sparsely 
populated,  mountainous  regions.  Between  these  extremes  exist  all 
kinds.  This  diversity  alone  raises  the  question  of  facilities.  Cer- 
tain schools  located  near  accessible  ponds  and  streams,  find  a  course 
in  zoology  or  botany  very  easy  to  give;  while  others  in  a  more 
limited  environment  would  prefer  to  select  one  of  the  other  sub- 
jects. Secondly,  the  equipment  of  the  schools  throughout  this  large 
State  varies  greatly,  and,  it  seems  to  the  committee  unwise  to  at- 
tempt, all  at  once,  to  bring  all  of  the  schools  to  a  similar  condition. 
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It  seems  to  be  the  unanimous  testimony  of  numerous  high  school 
teachers  located  in  the  poorer  schools,  financially  speaking,  that  it 
is  almost  impossible  to  get  adequate  laboratory  equipment.  Thirdly, 
there  is  an  honest  difference  of  opinion  among  the  teachers  of  the 
State  as  to  which  of  these  several  courses  is  the  more  desirable, 
and  until  there  is  a  more  general  unanimity  of  opinion  it  would 
seem  entirely  warranted  to  allow  some  freedom  to  the  respective 
schools. 

In  case  of  no  general  readjustment  in  the  present  courses  of  the 
high  school,  the  committee  beg  leave  to  recommend  the  following 
in  reference  to  the  present  course  in  the  first  year  of  the  higli 
school :  First,  to  strike  out  the  three  divisions,  botany,  physiology 
and  zoology,  making  the  course  a  unit  in  treatment  as  well  as  in 
name,  unrler  the  name  of  elementary  biology.  The  preliminary  re- 
[X)rt  on  a  biology  syllabus  for  the  first  year  of  h-gh  school,  by  the  New 
Jersey  Science  Teachers  Association,  indicates  one  way  in  which 
such  a  unity  of  treatment  is  accomplished.  In  making  this  recom- 
mendation there  is  no  intention  to  change  the  general  content  of  the 
present  course,  as  there  would  be  ample  facilities  for  dealing  with 
the  problem  of  lift:  in  plants  and  animals  and  the  relation  of  these 
general  problems  to  human  activity.  St:condly,  the  anatomical 
features  of  the  work  in  physiolog>^  may  well  be  lessened,  and  in 
their  place  considerable  time  given  to  the  general  problem  of  sani- 
tation, biology  of  disease,  and  personal  hygiene.  It  is  not  necessary 
for  the  committee  to  remind  this  organization  that  education  along 
the  lines  of  sanitation,  hygiene  and  disease,  is  the  only  general 
method  thus  far  agreed  upon  by  means  of  which  civilization  can  be 
successfully  purged  of  much  of  its  present  day  weaknesses.  Thirdly, 
that  the  total  number  of  subjects  required  in  this  course  be  lessened, 
in  order  that  opportunity  be  afforded  for  more  concentration.  In 
this  connection  we  would  suggest  that  some  of  the  nature  study 
features  of  the  present  course  be  eliminated,  and  placed  where,  they 
more  i)roperly  belong  —  in  the  grades. 

W.  M.  Smallwood,  Chairman 

Est  I  IKK  V.   liVKNKS 

L.  S.  Hawkins 

L.  B.  Gary 

Each  resolution  was  voted  upon  separately  and  adopted  and  tlien 
a  motion  was  made  an<l  carried  that  the  report  as  a  whole  be 
adopted. 
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Report  of  council.  A  letter  was  read  from  Frederick  S.  Lee 
of  New  York  urging  the  cooperation  of  the  association  in  killing 
legislation  restricting  vivisection  in  colleges  and  asking  if  vivisection 
was  practised  in  the  high  schools  of  the  State.  Council  voted  to 
approve  the  spirit  of  the  letter. 

Council  recommends  to  the  association  that  it  join  the  American 
Federation  of  the  Teachers  of  Science  and  Mathematics. 

Council  voted  to  leave  the  matter  of  appointing  the  place  for  the 
next  meeting  with  the  next  executive  committee. 

The  above  report  was  read  by  the  secretary.  Motion  made  and 
carried  that  the  action  of  the  council  be  ratified. 

Report  of  committee  on  resolutions  was  read  by  Prof.  W.  W. 
Qendenin,  chairman: 

Resolved,  That  we  heartily  appreciate  the  courtesy  of  the  Uni- 
versity authorities  in  placing  at  our  disposal  their  lecture  rooms, 
laboratories,  and  dormitories; 

That  we  recognize  their  provision  for  our  physical  comfort  as  no 
small  factor  in  contributing  to  the  success  of  our  meeting;  and 

That  we  tender  our  sincere  thanks  for  these  proofs  of  their 
kindly  interest  in  our  organization. 

Resolved,  That  we  cordially  thank  the  local  committee  for  their 
untiring,  painstaking  and  successful  efforts  in  making  general  ar- 
rangements, and  in  providing  for  the  display  of  exhibits. 

W.  W.  Clendenin 
S.  B.  Everts 


■  Committee 


Moved  and  carried  unanimously  that  the  report  of  the  committee 
be  adopted. 

A  letter  of  greeting  and  good  wishes  was  received  from  the  Asso- 
ciated Academic  Principals. 

Motion  made  and  carried  that  the  secretary  send  thanks  of  the 
association  to  the  principals  for  their  kind  letter. 

Report  of  nominating  committee.  The  nominating  commit- 
tee made  the  following  nominations:  President,  W.  M.  Small- 
wood,  Syracuse  University;  znce  president,  C.  E.  Harris,  East 
High  School,  Rochester;  secretary-treasurer,  Ernest  R.  Smith, 
North  High  School,  Syracuse 

For  members  of  tlie  council  (term  to  expire  19 12)  : 

J.  S.  Shearer,  Cornell  University,  Ithaca, 

F.  L.  Bryant,  Erasmus  Hall  High  School,  Brooklyn, 
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O.  C.  Kenyon,  Central  High  School,  Syracuse. 
Motion  was  made  and  carried  that  the  secretary  cast  the  unani- 
mous ballot  of  the  association  for  those  nominated. 

Section  officers,  1909.  The  various  sections  reported  the  fol- 
lowing as  the  officers  elected  for  the  coming  year : 

Section  A.  Chairman,  William  A.  Timbie,  Pratt  Institute, 
Brooklyn;  Secretary,  H.  C.  Cooper,  Syracuse  University. 

Section  B.  Chairman  and  secretary  to  be  chosen  by  the  president. 

Section  C.  Chairman,  C.  L.  Foster,  Colgate  Academy,  Hamilton ; 
Secretary  to  be  chosen  by  the  president. 

Federation.  Superintendent  Bardwell,  ex-president  of  the  New 
York  State  Teachers  Association,  spoke  in  regard  to  a  plan  for  the 
federation  of  the  two  associations. 

Motion  was  made  and  carried  that  the  entire  matter  of  federa- 
tion be  left  with  the  present  committee  on  federation. 

Treasurer's  report 

Summary  as  per  books  and  vouchers  on  file  for  the  year  ending  December  50^ 

1908 

Receipts 

Dec.  28,  1907  Balance   from  Treasurer   Stannard $172  16 

Dec.  30,  1908  Dues  to  date,  including  interest 172  q8 

Total $345  H 

Expenditures 

Dcx.  30,  1908  Total   to  date $157  40 

Dec.  30,   1908  Pialance  on   hand .  . .  •. 187  74 

Total $345   14 

Report  of  auditing  committee.  We,  the  undersigned  auditing 
conunittee,  have  examined  the  accounts  and  vouchers  of  Treasurer 
E.  R.  Smith  and  have  found  them  correct. 

J.  E.  Stannard',  ^ 

-^  ^  Committee 


L.  E.  Jenks 
December  30,  1908 
Report  accepted 


"}' 


Note.      By    permission    of    the    auditing"   committee,     several     bills     that 
belonged  to  the  1908  meeting  but  which  had  not    been    received,   were    paid 
Iter  and  included  in  the  above  report. 
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GENERAL  SESSION 
Tuesday  morning,  December  29 

Union  meeting  with  the  nature  study  section  of  the  New  York 
State  Teachers  Association 

ADDRESS  OF  WELCOME 

DR  JOHN   L.   HEFFRON,   DEAN   OF  THE   MEDICAL  COLLEGE, 
SYRACUSE  UNIVERSITY 

Mr  President  and  Fellow  Teachers:  The  pleasant  duty  has  been 
given  me  of  bidding  you  welcome  to  our  city  and  to  our  university. 
Syracuse  emblazons  on  the  front  face  of  her  City  Hall,  the  legend, 
"  Syracuse  Bids  You  Welcome."  Whether  it  catches  your  eye  in 
the  light  of  day,  or  glows  in  electric  light  by  niglTt,  it  is  ever  signifr 
cant  of  the  sentiment  of  hospitality  which  animates  her  citizens. 
But  for  you,  who  mold  the  minds  and  inspire  the  thoughts  and  the 
actions  of  the  boys  and  girls  that  tomorrow  shall  be  our  citizens, 
she  has  an  especial  welcome. 

In  welcoming  you  to  Syracuse  University,  you  will  be  conscious 
of  the  absence  of  our  chancellor,  whose  words  would  warm  your 
hearts  and  animate  your  minds.  Syracuse  is  the  youngest  of  the 
larger  universities.  If  you  will  remember  that,  you  will  easily 
excuse  what  appears  to  some  as  a  rather  ragged  campus. 

The  work  of  building  in  recent  years  has  been  so  enormous  tliat 
sufficient  time  has  not  been  had  to  mold  the  campus  into  a  symctri- 
cal  whole.  But  if  you  will  give  your  imagination  full  play,  you 
will  see  the  possibilities  of  our  future.  The  comer  stone  of  the 
College  of  Liberal  Arts  was  laid  August  31,  1871.  Since  then 
growth  has  been  constant,  but  within  the  administration  of 
Chancellor  Day,  all  the  buildings  which  Syracuse  University  has, 
except  the  College  of  Liberal  Arts,  The  Holden  Observatory,  and 
The  John  Crouse  College,  have  been  erected  or  acquired  or  replaced 
and  that  within  the  period  of  12  years.  We  acknowledge  youth, 
but  we  feel  that  if  the  primary  duty  of  youth  is  to  develop  a  strong 
physical  status,  we  have  gone  far  towards  that  attainment. 

We  have  been  fortunate  in  our  chancellors.  The  second 
chancellor.  Dr  Winclicll,  was  a  scientist  of  repute.  He  laid  broad 
the  foundations  of  a  strong  scientific  department  that  has  been  built 
upon  in  each  succeeding  administration.  No  teacher  has  been 
limited  in  his  work.  The  demonstration  of  the  truths  of  science 
has  always  been  encouraged,  and  truth  has  never  been  sacrificed  to 
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preconceived  opinions.  With  the  present  scope  of  scientific  teach- 
ing in  our  university,  you  shall  become  familiar,  if  you  choose. 

And  now  what  shall  I  say  to  the  first  question  propounded  by 
your  president?  **  What  are  we  teaching  science  for?"  This  is  a 
question  so  large  that  it  can  not  be  fully  discussed  in  lo  minutes, 
but  I  may  be  permitted  to  state  a  few  of  the  reasons  why  science 
should  be  taught. 

Why  do  we  teach  anything?  First,  for  the  acquirement  of 
knowlec^e;  then  for  the  discipline  of  fhe  mind;  and,  finally,  for 
its  l>earing  upon  the  daily  conduct  of  life. 

Probably  no  teacher  amongst  Englisfh  speaking  people  has  had 
so  great  an  influence  upon  his  times  and  upon  our  own  as  Thomas 
Huxley.  Bom  in  1825,  he  devoted  the  whole  of  his  70  years  of 
life  to  riie  study  and  the  teaching  of  the  great  truths  of  science. 
Such  a  man  should  be  good  authority.  Permit  me  to  restate  his 
conceptions  of  a  liberal  education  —  a  conception  which  to  my  mind 
has  never  been  surpassed.  "  That  man,  I  think,  has  had  a  liberal 
education  who  ihas  been  so  trained  in  youth  that  his  body  is  the 
ready  servant  of  his  will,  and  does  with  ease  and  pleasure  all  the 
work  that,  as  a  mechanism,  it  is  capable  of ;  whose  intellect  is  a 
clear,  cold  logic-engine,  with  all  its  parts  of  equal  strength  and  in 
smooth  working  order;  ready,  like  a  steam  engine,  to  be 
turned  to  any  kind  of  work,  and  spin  the  gossamers  as  well  as 
forge  the  anchors  of  the  mind;  whose  mind  is  stored  with  the 
knowledge  of  tlie  great  and  fundamental  truths  of  nature  and  of 
the  laws  of  her  operations;  one  who,  no  stunted  ascetic,  is  full  of 
fire  and  life,  but  whose  passions  are  trained  to  come  to  heel  by  a 
vigorous  will,  the  servant  of  a  tender  conscience;  who  has  learned 
to  love  all  beauty,  whether  of  nature  or  of  art,  to  liate  all  vileness, 
and  to  respect  others  as  himself.  Such 'a  one,  and  no  other,  I 
conceive,  has  had  a  liberal  ed^ucation ;  for  he  is,  as  completely  as  a 
man  can  l)e,  in  harmony  with  nature.  He  will  make  the  best  of 
her,  and  she  of  him.  They  will  get  on  together  rarely;  she  as  his 
ever  l)eneficent  mother;  he  as  her  mouthpiece,  her  conscious  self, 
her  niinis.ter  and  interpreter." 

If  we  agree  to  this  statement  of  what  constitutes  a  liberal  educa- 
tion, let  us  ask  him  the  best  way  to  attain  it  by  the  paths  of  science. 
In  reference  to  the  positions  and  scope  of  the  natural  sciences  as  a 
branch  of  knowledge,  he  says :  **  The  distinctive  character  of  our 
own  times  lies  in  the  vast  and  constantly  increasinq*  part  which  is 
played  by  natural  knowledge.  Not  only  is  our  daily  life  shaped  by 
'^,  not  only  does  the  pr(^si)erity  of  millions  of  men  depend  upon  it. 
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but  our  whole  theory  of  life  has  long  been  influenced,  consciously  or 
unconsciously,  by  the  general  conceptions  of  the  universe,  which  have 
been  forced  upon  us  by  physical  science/* 

And  in  another  address  he  says :  "  Leave  but  the  physiological 
sciences  from  your  curriculum,  and  you  launch  the  student  into  the 
world,  undisciplined  in  that  science  whose  subject-matter  would  best 
develop  his  powers  of  observation ;  ignoratit  of  facts  of  the  deepest 
importance  for  his  own  and  others'  welfare;  blind  to  the  richest 
sources  of  beauty  in  God's  creation ;  and  unprovide-d  with  that 
belief  in  a  living  law  and'  an  order  mianifesting  itself  in  and 
through  endless  change  and  variety,  which  might  serve  to  check  and 
moderate  that  phase  of  despair  through  which,  if  he  take  an  earnest 
interest  in  social  problems,  he  will  assuredly  sooner  or  later  pass." 

Such  observations  could  be  confirmed  and  amplified  by  many 
other  authorities,  but  they  are  now  a  part  of  our  own  organized 
thought  upon  this  question  and  no  longer  need  defense. 

Of  the  value  of  science  as  a  means  of  mental  discipline,  Huxley 
was  the  first  to  speak  boldly.  From  his  address  on  "  Science  and 
Culture,'*  let  me  repeat  his  statement  of  what  constitutes  culture: 
"  Culture  certainly  means  something  quite  diflferent  from  learning 
or  technical  skill.  It  implies  the  possession  of  an  ideal,  and  the 
habit  of  critically  estimating  the  value  of  things  by  comparison  with 
a  theoretic  standard.  Perfect  culture  should  supply  a  complete 
theory  of  life,  based  upon  a  clear  knowledge  alike  of  its  possibilities 
and  of  its  limitations." 

In  his  analysis  of  the  methods  by  which  culture  is  attained  in 
the  study  of  science  he  emphasizes:  (i)  observation  of  facts,  in- 
cluding artificial  observation  which  is  called  experiment;  (2)  com- 
parison or  classification,  by  which  one  arrives  at  general  observa- 
tion;  (3)  deductions,  which  takes  one  from  general  propositions 
to  facts  again ;  and  (4)  verification,  which  is  the  process  of  ascer- 
taining whether  in  point  of  fact  our  anticipation  is  a  correct  one. 

These  are  the  methods  of  science.  They  necessitate  the  exercise 
of  memory,  imagination,  reason  and  judgment.  Of  the  effect  of 
the  exercise  of  these  faculties  of  the  mind  by  means  of  the  study 
of  science,  he  asserts  modestly  and,  I  believe,  truthfully,  that  "  for 
the  purpose  of  attaining  natural  culture,  an  exclusively  scientific 
education  is  at  least  as  effectual  as  an  exclusively  literary  educa- 
tion." But  repeatedly  in  his  many  addresses  he  deprecates  an 
education  one-sided  in  any  direction. 

In  discussing  the  practical  value  of  a  scientific  education  we  are 
forced  to  consider  its  mental  and  moral  value,  its  contribution  to 
the  pleasure  of  life,  and  its  physical  or  technical  value.    Co\n5l^x^- 
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ing  the  first  he  says :  "  The  mental  power  which  will  be  of  most 
importance  in  }x>ur  daily  life  will  be  the  power  of  seeing  things  as 
they  really  are  without  regard  to  authority;  and  of  drawing  con- 
clusions from  particular  facts." 

That  scientific  education  has  a  practical  moral  effect  is  not  to  be 
questioned.  Huxley's  quotation  from  Worthington  is  significant. 
••  It  is  not  easy  to  exaggerate  the  importance  of  the  information 
imparted  by  certain  branches  of  science.  It  modifies  the  whole 
criticism  of  life  made  in  maturer  years.  The  study  has  on  a  mass 
of  boys  a  certain  influence  to  which  a  great  deal  of  value  must  be 
attached,  an  influence  as  much  moral  as  intellectual,  which  is  shown 
n  the  increased  and  increasing  respect  for  precision  of  statement 
and  for  that  form  of  veracity  which  consists  in  the  acknowledg- 
ment of  difficulties.  It  produces  a  real  effect  to  find  that  nature 
can  not  be  imposed  upon,  and  the  attention  given  to  experimental 
lectures,  at  first  superficial  and  curious  only,  soon  become  minute, 
serious  and  practical."  Nature  yields  her  secrets  only  to  those 
who  pursue  honest  methods  of  investigation,  and  honesty  is  the 
basis  of  morals. 

Huxley  says :  **  There  is  yet  another  way  in  which  natural  history 
may  take  a  profound  hold  upon  practical  Hfe,  and  that  is,  by  its 
influence  over  our  finer  feelings,  as  the  greatest  of  all  sources  of 
that  i)leasure  which  is  derivable  from  beauty.  I  do  not  pretend 
that  natural  history  knowledge  can  increase  our  sense  of  the  beauti- 
ful in  natural  objects.  But  I  advocate  natural  history  knowledge 
because  it  would  lead  us  to  seek  the  beauties  of  natural  objects,  in- 
stead of  trusting  to  chance  to  force  them  upon  our  attention.  To 
a  jKTson  uninstructcd  in  natural  history,  his  country  or  seaside  stroll 
is  a  walk  ihrou.i^h  a  gallery  filled  with  wonderful  works  of  art,  nine 
tenths  of  which  have  their  faces  turned  to  the  wall.  Teach  him 
something  of  natural  history,  and  you  place  in  his  hands  a  cata- 
logue of  those  which  are  worth  lurning  around.  Surely  our  inno- 
cent ])leasures  are  not  so  abundant  in  this  life,  that  we  can  afford 
to  desi)ise  this  or  any  other  source  of  them.  We  should  fear  being 
banished  for  cnir  neglect  to  that  limbo,  where  the  great  Florentine 
tells  us  are  those  who,  during  this  life,  "wept  when  they  might  be 
joyful." 

Concerning  llie  technical  value  (»f  scientific  education,  there  is 
little  need  to  enlarge.  It  is  so  great  that  the  mind  of  the  great 
majority  of  ycniths  is  turned  to  it  alone,  and  we  see  the  technical 
courses  in  <nir  colleges  crowded  to  the  neglect  of  the  old  "  human- 
ities."    The  triumphs  of  chemistry,  of  engineering,  of  electricity, 
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of  biology  are  so  numerous  and  of  such  immense  importance  to  the 
inhabitants  of  this  earth  that  it  is  not  a  matter  of  wonder  that  they 
fill  tlie  visions  of  those  wlio  contemplate  first  of  all,  **  getting  on  in 
the  world/' 

I  have  taken  so  much  of  your  time  that  I  can  not  permit  myself 
to  discuss  the  second  question  propounded  by  your  president  —  viz : 
"  How  Should  Physiology  be  Taught  in  the  Public  Schools/'  1 
will  say  this,  that  it  is  your  duty  to  see  that  physiology  is  taught 
and  not  pathology,  and  to  establish  so  strong  a  position  on  this  sub- 
ject that  it  will  mold  public  opinion  to  resist  the  well  intended 
efforts  of  ignorant  though  enthusiastic  reformers  who  would  make 
mandatory  the  teaching  to  children  of  subjects  upon  wliich  scientists 
are  not  yet  agreed.  A  child  to  whom  a  glowing  sunset  suggests 
only  "  the  lining  membrane  of  a  drunkard's  stomach,"  knows  noth- 
ing of  physiology,  nor  of  physical  sciences,  nor  of  the  beauty  of  the 
world. 

I  have  full  confidence  in  the  genius  of  American  teachers. 
Much  criticism  has  been  given  to  present  methods  of  education, 
some  of  which  is  just  and  much  of  which  is  unjust.  If  you  will 
model  your  methods  of  education  upon  the  methods  of  science,  you 
can  not  fail  to  evolve  methods  which  will  enable  the  children  of 
today  to  come  into  knowledge  and  possession  of  themselves,  and  of 
the  world  in  which  they  live,  and  of  its  people  and  their  achieve- 
ments. 

RESPONSE 

PRESIDENT   ELECT  O.    C.    KENYON,    CENTRAL   HIGH   SCHOOL,    SYRACUSE 

Speaking  for  the  Science  Association,  and  also  as  a  member  of 
the  State  Teachers  Association,  I  wish  to  assure  Dr  Heffron  and 
the  authorities  of  Syracuse  University  that  we  thoroughly  appreciate 
their  good  will  and  generosity  in  opening  these  buildings  and  labora- 
tories for  us;  and  that  we  realize,  also,  the  sacrifice  which  many 
of  the  faculty  are  making  in  remaining  here  to  welcome  and  help 
us,  when,  as  we  know,  they  would  prefer  to  be  at  other  meetings 
in  other  places. 

As  this  is  the  fifth  time  we  have  met  at  this  university  (twice 
before  at  the  ^Medical  College  and  twice  in  the  Liberal  Arts  Build- 
ing), we  are  only  adding  to  a  debt  already  large,  not  only  for  enter- 
tainment and  active  assistance,  but  also  for  that  encouragement  and 
inspiration  which  come  to  us  from  meeting  and  hearing  those  who 
are  engagefl  in  advanced  lines  of  work.  Tlie  Science  Teachers 
Association  has  been  exceedingly  fortunate  in  having  had  from  the 
beginning  the  cooperation  of  the  science  faculties  of  the  coUa?^'^. 
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We  who  are  high  school  and  normal  school  teachers  can  only  hope- 
that  in  consequence  of  such  efforts  we  may  be  able  to  better  prepare 
cr.r  students  for  college  and  for  life. 

We  appreciate  and  take  to  heart  the  words  of  the  preceding 
speaker,  and  they  will  no  doubt  have  especial  influence  because  they 
come  from  a  leader  in  that  great  and  noble  profession  of  medicine 
which  in  its  foundations  and  progress  belongs  to  the  same  depart- 
ment of  knowledge  and  education  as  that  in  which  we  are  at  work. 

Concerning  the  program  for  this  morning,  I  may  say  tliat  it  has 
been  brought  over  or  continued  from  the  preceding  meeting.  Those 
of  you  who  were  in  Ithaca  a  year  ago  and  heard  Dr  L.  H.  Bailey 
speak  will  remember  how  convincingly  he  talked  of  the  import- 
ance of  such  science  studies  as  are  closely  related  to  the  life  aiid 
needs  of  the  people,  and  which  at  the  same  time  assist  well  in  the 
natural  development  of  the  child.  He  referred  in  particular  to 
agriculture  and  nature  study  as  belonging  to  this  class,  and  claimed 
that  they  'had  already  strongly  influenced  the  teaching  of  science 
in  other  departments,  especially  in  secondary  schools. 

Until  a  few  weeks  ago,  we  expected  that  Dr  Bailey  himself  would 
be  here  to  continue  this  subject,  although  from  a  somewhat  different 
standpoint;  but,  owing  to  his  appointment  as  chairman  of  tht? 
"  Country  Life  Committee  ''  in  Washington,  he  was  obliged  to  with- 
draw from  his  part  in  the  program,  which  has  in  consequence  been 
changed.  However,  we  have  been  fortunate  in  securing  other 
speakers,  as  you  see  from  the  program,  and  they  will  no  doubt  be 
able  to  put  us  into  that  altruistic  as  well  as  scientific  frame  of  mind 
which  Dr  Bailey  is  so  well  able  to  arouse  and  which  as  science 
teachers  we  should  desire  and  cultivate. 

The  subject  of  agriculture  has  been  in  our  high  school  course  of 
study  for  several  years  and  yet  its  claims  have  never  been  presenterl 
at  any  of  our  meetings,  and  son-'e  of  us  have  only  a  vague  idea  of 
what  the  study  is.  That  agricukure  is  our  greatest  occupation  we 
know,  and  we  have  always  understood  that  farm  life  is  itself  the 
best  school  that  we  have  for  the  development  of  character,  self- 
reliance  and  a  vigorous  manhood ;  but  is  agriculture  a  science,  or  is 
it  made  up  of  different  sciences  and  of  different  occupations,  and, 
whatever  it  is,  is  it  a  suitable  study  for  high  schools,  and  ought 
we,  as  science  teachers,  to  welcome  it,  and  assist  in  giving  it  a  place 
in  our  high  school  course?  No  doubt  but  that  these  questions  and 
many  others  will  be  answered  by  the  next  speaker,  Prof.  G.  F. 
Warren  of  the  State  College  of  Agriculture  of  Cornell  University. 
J  hawe  great  pleasure  in  introducing  Professor  Warren. 
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HIGH  SCHOOL  AGRICULTURE 

G.    F.    WARREN,    COLLEGE   OF   AGRICULTURE,    CORNELL    UNIVERSITY 

I  am  pleased  to  have  the  opportunity  of  addressing  this  associa- 
tion on  an  agricultural  subject  for  two  reasons. 

First,  because  the  Science  Association  recognizes  that  agriculture 
is  merely  one  of  a  number  of  sciences  which  belong  in  the  higii 
school.  Frequently  persons  have  failed  to  recognize  the  fact  that 
high  school  agriculture  is  merely  another  subject  comparable  with 
physics,  botany  and  chemistry,  and  have  classed  it  with  trade  school 
subjects. 

Agricultural  teaching  gives  exactly  the  same  type  of  education  as 
that  given  by  the  other  sciences.  It  is  merely  the  study  of  those 
particular  scientific  principles  which  have  to  do  with  the  production 
of  plants  and  animals  that  are  useful  to  man.  It,  therefore,  in- 
volves some  of  the  principles  of  each  of  the  other  sciences. 

My  second  reason  for  being  here  is  because  this  is  the  most  im- 
portant subject  before  the  farmers  of  America.  Professor  Bailey 
says  that  the  one  subject  that  stands  out  above  all  others  in  the 
hearings  of  the  Country  Life  Commission  from  ocean  to  ocean 
is  the  question  of  education.  And  everywhere  farmers  are  demand- 
ing that  somehow  our  education  be  brought  into  vital  relationship 
with  the  farms.  I  doubt  whether  any  other  class  in  our  population 
is  giving  so  much  attention  to  education. 

To  those  who  are  not  familiar  with  the  nature  of  agricultural 
teaching,  it  may  seem  like  a  trade  subject  and  nothing  more,  but 
agriculture  is  not  primarily  a  trade  subject.  Only  about  one  half  of 
our  population  is  engaged  in  agricultural  work,  but  the  interest  in 
agriculture  includes  nearly  all  the  population.  A  very  large  part 
of  our  city  population,  particularly  of  the  larger  cities,  is  coming 
to  take  the  keenest  interest  in  agricultural  questions.  The  number 
of  agricultural  inquiries  that  have  come  to  the  College  of  Agricul- 
ture from  New  York  city  within  the  past  few  years  is  very  remark- 
able, but  no  more  so  than  the  movement  for  ownership  and  manage- 
ment of  farms  by  city  men.  Nearly  every  one  is  interested  in 
growing  plants  and  animals  and  there  are  some  fundamental  prin- 
ciples of  this  growth  that  every  boy  and  girl  should  have  an  oppor- 
tunity to  learn,  if  they  so  desire,  not  that  they  may  become  farmers 
and  farmers'  wives,  but  for  the  educational  training  and  intelligent 
interest  in  life  that  this  knowledge  brings.  This  training  is  often 
as  desirable  for  those  who  are  to  live  in  cities  as  for  those  Who  are 
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to  live  on  farms.  We  can  never  wholly  separate  our  interests 
from  the  soil  on  which  we  walk  and  the  plants  and  animals  on 
which  our  life  depends. 

The  argument  that  is  most  commonly  urged  in  favor  of  teaching 
agriculture  in  the  high  schools  is  that  it  will  keep  the  boys  on  the 
farm.  At  the  same  time  we  are  told  that  farming  is  not  as  profit- 
able as  it  should  be.  Now  if  we  believe  in  the  laws  of  economics, 
we  must  conclude  that  we  have  enough  farm  produce.  More 
farms  woukl  decrease  the  profits  for  each  man. 

Then,  we  have  reason  to  expect  that  the  teaching  of  agriculture 
in  high  schools  will  develop  a  better  class  of  farmers  who  will  be 
abk*  to  raise  more  crops  per  man.  If  this  is  the  case,  as  I  am  sure 
it  will  l>e,  then  the  better  educated  our  farmers  are  the  fewer  of 
thcni  we  will  need;  at  the  same  time  the  more  manufactured  arti- 
cles these  fanners  will  demand.  We  will  need  to  liave  still  more 
farmers  move  to  the  city  in  order  to  make  plows,  pianos  and  auto- 
mobiles for  those  who  remain  farmers. 

I  believe  that  the  more  we  teach  agriculture  the  more  efficient 
our  farmers  will  become  and  the  fewer  we  will  need.  What  will 
hapj;en  is  that  a  different  class  of  boys  will  go  to  the  cities  and  for 
a  different  purpose.  As  farming  comes  to  be  a  skilled  profession. 
there  will  be  an  increasing  tendency  for  the  less  efficient  to  move 
into  the  cities,  where  they  will  work  in  factories  under  direction. 
The  factories  can  use  men  who  arc  not  qualified  to  make  good 
farmers.  The  natural  road  to  advancement  for  the  rural  laborer  is, 
as  it  should  be,  farm  ownership.  The  man  who  is  to  be  a  hired 
laborer  all  his  days  is  best  off  in  the  city,  where  the  closer  super- 
vision can  ^et  tlie  most  out  of  his  smaller  talent.  I  believe,  there- 
fore, thai  agricultural  education  will  decrease  rather  than  increase 
the  percentage  of  farmers.  It  will  tend  to  send  the  poorest  men 
to  the  cities,  as  well  as  some  of  the  best,  and  will  build  up  a  class 
(»f  farmers  who  are  faniier<  ])ecaii'ie  they  want  to  be.  If  we  desire 
lo  make  men  stay  on  the  farms,  the  most  eff'ectivc  way  of  accom- 
]  iisjiing  it  might  be  to  i)ass  a  law  that  all  men  who  are  born  on 
fai  ins  must  stay  there. 

It  is  not  th'j  business  ^A  a  teacher  to  try  to  make  faimers  of 
farnu-r>'  >ons.  n  ir  lawyer>  of  lawyer.N*  sons,  nor  doctors  of  doctors* 
-«>n-.  The  thing  that  distinguishes  America  from  the  old  world 
i-  tlie  mobility  of  its  society.  Each  man  may  do  what  he  likes  and 
])irome  what  his  energy  will  make  him.  While  it  is  not  desirable 
to  trv  to  make  farmers,  it  does  seem  desirable  to  stop  unmaking 
tlirm.     The  present  trend  of  all  our  education   is  cityward.     We 
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have  been  living  in  a  city-making  epoch.  The  bright  fann  boy,  as 
he  has  attended  the  village  school,  has  been  taught  much  that  would 
naturally  interest  him  in  city  occupations.  The  teacher  has  become 
interested  in  him  and  has  encouraged  him  to  "  make  something  of 
himself."  This  usually  means  that  he  become  a  lawyer,  doctor  or, 
perhaps,  an  engineer.  The  nature  of  his  books  and  the  advice  of 
his  friends  have  led  him  to  believe  that  these  were  the  lines  in 
which  mental  ability  could  bring  the  greatest  returns.  If  he  did 
become  a  farmer,  he  frequently  felt  that  by  doing  so  he  lost  his 
real  opportunities.  In  the  past,  this  may  have  been  so,  but,  today, 
law,  medicine  and  the  ministry  are  not  the  only  learned  professions. 
The  practice  of  agriculture  now  offers  as  great  a  field  for  scientific 
study  as  is  offered  by  the  practice  of  medicine. 

The  teaching  of  agriculture  will  make  better  farmers  who  will 
make  more  money.  It  will  lead  boys  to  choose  farming  as  a  pro- 
fession, for  it  will  open  up  a  field  for  intellectual  life  whose  exist- 
ence they  never  suspected,  but  the  great  reason  for  this  work  is  that 
it  is  one  of  the  best  means  for  training  the  student's  mind  and  it  ij 
one  of  the  best  means  because  it  studies  things  that  come  within 
his  experience  —  the  things  with  which  and  by  which  he  lives. 

All  the  arguments  that  may  be  presented  in  favor  of  science 
teaching  may  also  be  applied  to  the  teaching  of  agriculture.  The  great 
competitor  of  science  has  always  been  the  foreign  language  studies. 
I  think  that  we  often  forget  how  these  studies  came  to  be.  Origin- 
ally nearly  all  knowledge  was  locked  up  in  the  Greek  and  Latin 
books.  He  who  would  learn  anything  must  first  learn  to  read 
the  languages  in  which  these  books  were  written.  But  gradually 
the  despised  English  has  come  to  have  some  books  of  its  own  and 
we  no  longer  look  to  Latin  and  Greek  as  content  studies.  Tlieir 
reason  for  existence  at  present  must  be  based  on  entirely  diflferent 
arguments  than  those  which  first  caused  them  to  be  taught.  Not 
infrequently,  it  seems  to  me  that  the  chief  argument  in  the  student's 
mind,  at  least,  and  sometimes  in  the  teacher's,  for  giving  instruc- 
tion in  these  languages  in  the  high  school  is  that  the  student  may 
leam  them  in  order  that  he  may  teach  them  in  turn  to  another 
set  of  students,  who  may  teach  to  a  still  later  generation.  I  do  not 
wish  to  be  understood  as  opposed  to  such  instruction  in  the  high 
school.  The  only  point  that  I  would  wish  to  make  is  that  we 
should  not  require  all  persons  to  take  foreign  language  studies.  All 
that  most  persons  gain  from  such  study  in  the  high  school  is  the 
mental  drill  and  discipline  and  a  somewhat  improved  knowledge  of 
English.     These  points  are  well  worth  considering  and  we  will  have 
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tVf  rjiiarrel  with  the  teacher  of  language  as  sxm  as  the  teacher 
of  language  recr^izes  that  the  primary  purpose  of  education  is  to 
train  men  for  the  Jives  that  thiy  are  to  hve.  In  general,  I  believe 
that  our  schools  have  given  too  much  time  to  expressional  studies 
and  U/o  little  time  to  content  studies. 

As  a  matter  of  fact,  the  introduction  of  sciences  has  not  decreased 
the  total  numlKT  of  persons  who  study  language.  The  percentage 
of  such  students  may  decrease,  but  the  sciences  attract  and  hold 
large  numbers  of  students  who  would  not  otherwise  be  in  the 
schrxil.  Agriculture  will  attract  a  still  larger  number  in  the  rural 
high  sc1k¥>1s. 

A  very  large  part  of  our  agricultural  instruction  may  be  com- 
bine<l  with  other  sciences  and  will  serve  to  enrich  these  studies.  I 
lielieve  that  agricultural  illustrations  will  almost  revolutionize  the 
teaching  of  science,  which  is  in  danger  of  becoming  too  academic. 
As  sorm  as  we  get  a  science  well  systematized  with  definite  sets  of 
lalK>ratory  exercises,  which  we  feel  are  fixed  for  all  time,  we  have 
lost  one  of  the  most  useful  features  about  science,  that  is.  that  it 
studies  the  earth  and  the  civilization  that  surrounds  us  —  conditions 
that  are  ever  changing. 

While  teaching  capillarity  in  physics,  the  soil  oflfers  a  most  use- 
ful illustration.  While  teaching  friction,  such  questions  as  the 
relative  draft  of  riding  and  walking  plows  may  be  cited.  A  well 
constructed  riding  i)Iow  will  carry  a  man  and  draw  easier  than  will 
a  walking  plow,  because  a  thin!  of  the  draft  of  the  walking  plow 
is  due  to  friction  on  the  bottom  of  the  furrow,  whereas  with  the 
riding  plow  the  friction  is  placed  on  the  axle  and  the  axle  is  greased. 
Annllier  illustration  might  be  given  of  the  reason  why  placing  the 
douhlftrt'c  belcnv  the  tongue  will  enable  a  team  to  pull  a  heavier 
load  than  if  the  doubletree  is  high  as  in  the  case  of  carriages.  The 
first  thing  that  gives  way  when  a* horse  fails  to  pull  a  load  is  the 
feet.  The  horse  can  not  stick  to  the  ground,  but  if  hitched  low 
a  part  of  the  load  will  i)ull  down  on  the  back,  making  the  horse 
heavier  and  the  fricton  greater,  and  will  enable  the  horse  to  pull 
more.  This  is  also  ouv  of  the  reasons  why  a  draft  horse  should  be 
heavy. 

While  teaching  l)ookkcei)ing  in  rural  high  schools,  farm  accounts 
rather  than  oiKTatit^ns  involving  some  large  city  business  should  be 
nseil  for  at  least  a  part  of  the  illustrative  material.  Farm  accounts 
are  more  complicated  than  are  the  accounts  for  city  businesses. 
Thov  would,  theroforo,  iK'tter  meet  the  objection  that  some  persons 
have  ti>  l>ookkeeiMng  —  that  it  does  not  require  sufficient  mental  ap- 
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plication.  Agricultural  illustrations  may  fairly  revolutionize  the 
teaching  of  botany.  Similar  illustrations  may  be  multiplied  indefi- 
nitely. 

Since  agriculture  is  based  on  all  the  sciences,  some  persons  have 
argued  that  it  can  best  be  taught  by  having  the  principles  presented 
in  the  separate  sciences,  as  illustrated  above,  rather  than  by  having 
a  new  subject.  This  argument  may  sound  logical,  but  it  is  utterly 
impracticable.  In  the  first  place,  our  textbooks  on  science  are  now 
written  and  we  can  only  change  them  gradually.  The  knowledge 
of  agriculture  is  rapidly  increasing  which  would  involve  the  rewrit- 
ing of  all  the  science  textbooks  every  few  years.  It  will  be  a 
simpler  matter  to  rewrite  only  the  books  on  agriculture. 

In  the  second  place,  if  all  the  agriculture  were  taught  through 
the  sciences,  it  would  require  that  each  teacher  of  science  should 
know  considerable  about  agriculture.  It  will  be  difficult  enough 
to  secure  one  teacher  for  each  school  who  has  this  knowledge.  T 
believe  most  thoroughly  in  having  agricultural  illustrations  used 
in  the  teaching  of  science,  because  the  science  teaching  would  be  so 
much  improved,  but  we  must  still  have  a  separate  subject  of  agri- 
culture. Agriculture  is  based  on  many  sciences  just  as  is  the 
science  of  medicine,  if  agriculture  and  medicine  are  sciences.  I  do 
not  think  that  the  time  will  ever  come  when  our  instruction  in  medi- 
cine will  be  given  by  the  college  teachers  of  zoology,  botany,  physics 
and  chemistry.  No  matter  how  many  medical  illustrations  these 
teachers  may  use,  they  must  always  have  separate  departments  and 
separate  instruction  that  will  correlate  all  the  sciences  in  a  single 
unit,  the  science  of  medicine.  Similarly  we  must  have  the  sciences 
correlated  in  the  single  unit  —  agriculture. 

Let  us  take  a  single  illustration.  How  would  the  teaching  of 
crop  rotation  proceed  if  there  were  no  special  teacher  of  agricul- 
ture? Crops  are  rotated  Ci)  to  control  weeds;  (2)  to  control  in- 
sects; (3)  to  control  fungi;  (4)  to  keep  up  the  humus  supply; 
(5)  to  secure  the  benefits  of  growing  grasses  and  legumes  on  each 
field;  (6)  for  convenience  in  working;  (7)  for  the  control  of  toxic 
substances. 

Possibly  the  botany  teacher  might  mention  weeds,  fungi,  legimies 
and  grasses  in  this  connection,  and  might  even  discuss  toxic  sub- 
stances. The  teacher  of  zoology  might  mention  a  crop  rotation 
as  a  means  of  controlling  insects,  but  to  have  these  points  men- 
tioned at  various  times  and  in  a  disconnected  way  would  not  teacii 
the  importance  of  crop  rotations.     All  the  reasons  must  be  grouped 
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together  under  this  one  head  and  ccmsidered  at  one  time  in  order  to 
bring  out  effectively  the  importance  of  the  subject. 

Jiut  more  important  than  the  reasons  for  crop  rotation  is  the 
training  in  the  planning  of  cropping  systems.  After  ha>'ing  studied 
the  reasons,  the  class  should  take  up  a  particular  farm  and  plan 
a  crf>pping  system  for  it. 

Temporarily  our  agricultural  alleges  have  to  give  special  work 
which  is  practically  of  a  high  school  grade.  They  do  this  in  addi- 
tion to  their  regular  college  work.  The  New  York  State  College 
of  Agriculture  has  graduate  students,  college  students  and  has 
special  and  winter  course  students  who  are  practically  of  a  high 
schrxjl  grade,  but  are  older  and  more  mature  than  are  high  school 
students. 

(jrarlually  the  academies  and  certain  special  high  schools  will  also 
do  si)ecial  work  for  persons  who  are  too  old  to  attend  the  regular 
high  schools. 

The  normal  schools  must  take  up  the  work  if  it  is  ever  to  become 
effcclive.  Some  persons  fear  that  elementary  agriculture  is  too 
difficult  a  subject  for  the  rural  schools,  but  this  subject  is  merely 
nature  study  on  agricultural  topics.  Most  of  our  present  nature 
study  is  adapted  to  city  schools.  What  we  now  need,  wliatever  wc 
may  call  it,  is  nature  study  on  agricultural  subjects  for  the  rural 
schools.  The  best  way  to  get  this  is  to  teach  high  school  agricul- 
ture in  the  normal  schools. 

Hut  more  important  than  all  of  these,  so  far  as  the  number  of 
[KM  sons  to  be  reached  is  concerned,  is  the  teaching  of  agriculture 
as  a  rc^-nlar  subject  in  the  regidar  high  schools,  where  it  will  take 
its  place  as  a  subject  comparable  with  algebra,  chemistry  or  Latin, 
always  being  elective. 

Tlicre  are  several  reasons  why  the  other  classes  of  schools  arc 
not  siilVicient.  The  first,  of  course,  is  that  the  great  majority  of 
students  will  never  go  beyond  the  high  school,  and  the  second, 
wliicli  is  ecjually  important,  is  that  most  students  of  a  high  school 
age  should  sleep  at  home. 

In  a  high  school,  agriculture  would  merely  take  its  place  as  one 
study  which  may  be  carried  for  one,  two  or  more  years.  I  think 
that  it  should  be  taken  for  at  least  one  year,  but  even  a  smaller 
amount  (">{  time  may  be  all  right  in  the  beginning,  when  the  subject 
is  being  tried  out.  It  will  naturally  replace  some  of  the  foreign 
language  study,  but  as  you  will  see  by  the  suggested  courses  in  the 
high  school  exhibit,  it  does  not  necessarily  prevent  the  student  tak- 
ing two  or  three  years  in  foreign  language.     It  is  much  to  be  pre- 
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ferred,  in  fact,  it  is  almost  essential,  that  chemistry  and  botany 
precede  or  accompany  agriculture.  If  chemistry  is  not  taught,  some 
few  exercises  in  chemistry  should  be  given  in  agriculture.  For 
those  students  who  plan  to  graduate,  agriculture  may  come  in  the 
eleventh  year  in  the  high  school. 

If  the  subject  is  introduced,  there  will  undoubtedly  be  a  large 
number  of  boys  who  will  wish  to  attend  school  for  one  year,  who 
would  otherwise  not  attend  at  all.  For  such  persons,  I  think  that 
we  should  allow  a  selected  course  taken  from  all  the  years  of  the 
high  school.  It  might  be  well  to  include  botany,  chemistry,  physics, 
agriculture  and  American  history,  or  we  could  arrange  a  two  year 
course  in  which  these  subjects,  advanced  arithmetic,  bookkeeping, 
physical  geography  and  similar  work  might  be  included.  I  believe 
that  our  high  schools  should  arrange  to  accommodate  those  persons 
who  are  unable  to  attend  four  years  just  as  well  as  to  accomtnodate 
those  who  graduate.  This  can  be  done  in  many  cases  by  allowing 
them  to  select  a  course  of  the  kind  of  studies  that  attract  the  boys, 
who  ordinarily  leave  the  school  early,  rather  than  by  forcing  all  of 
them  to  take  what  we  think  will  be  best  and  which  results  in  not 
having  them  at  all. 

The  following  suggested  high  school  courses  show  how  agricul- 
ture may  be  introduced.  These  courses  are  not  niy  ideal.  I  make 
no  recommendations  as  to  whether  there  is  too  much  or  too  little 
of  anything  except  agriculture,  bookkeeping  and  arithmetic  and 
science.  The  remainder  of  the  courses  are  what  many  schools  are 
teaching.  My  effort  is  to  show  how  effective  agricultural  work  may 
be  given  with  as  few  other  changes  as  possible.  The  courses  will 
differ  in  each  school.  These  are  merely  suggestive  examples.  If 
the  electives  are  so  arranged  as  to  secure  three  years  of  German  or 
French  and  three  years  of  English,  either  of  these  courses  will  pre- 
pare for  entrance  to  the  New  York  State  College  of  Agriculture  as 
well  as  for  farming. 

The  followin^s^  are  given  as  possible  high  school  courses: 

ONE    YEAR   OF    AGRICULTURE 

First  year  Third  year 

English  English 

Algebra  Mathematics    or    elective 

Latin,    German    or  French                       Chemistry 

Biology  or  botany  Elective 

Second  year  fourth    year 

English  English 

Geometry  Agriculture 

Latin,   German  or  French  Physics 

History  Bookkeeping  and  arithmetic 
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TWO    YEABS    OfF    AGRICULTUKE 

first   year  Third  year 

English  English 

Algebra  Mathematics,  history  or  elective 

Latin,  German  or  French  Physics 

Biology  or  botany  Agriculture 

Second  year  Fourth  year 

English  and  physical   geography  American  history  and  civics 

Geometry  Bookkeeping,  farm  accounts  and 

Latin,   German   or   French  arithmetic 

Chemistry  Agrictilture 

Commercial  geography  or  elective 

We  should  not  expect  too  much  of  a  new  science  when  it  is  first 
introduced.  The  teachers  can  not  be  thoroughly  prepared  at  once. 
We  must  gradually  develop  the  subject  as  we  have  gradually  de- 
veloped botany  and  physics,  although  I  think  that  we  can  move 
much  more  rapidly  in  the  case  of  agriculture.  I  do  not  see  why 
we  should  not  have  a  thoroughly  good  course  of  agriculture  de- 
velop>cd  within  the  next  two  or  three  years  and  in  a  short  time  we 
may  well  have  teachers  prepared  for  this  work.  Any  person  who 
has  had  farm  experience  and  who  has  studied  botany,  chemistry 
and  physics,  may  prepare  to  teach  high  school  agriculture  in  at 
least  a  fairly  satisfactory  manner  by  taking  a  summer's  work 
devoted  wholly  to  this  subject.  Good  work  may  be  done  by  many 
such  persons  by  working  tip  the  course  themselves  from  the  sug- 
gestive material  which  is  now  prepared.  In  dealing  with  any  new 
subject  of  this  kind,  we  must  remember  that  it  takes  time.  I  some- 
times think  that  it  would  be  well  to  apply  the  story  of  the  small 
boy  who  was  being  impressed  with  the  omnipotence  of  the 
Almighty.  After  much  care  in  trying  to  impress  him  with  this 
\>o\nX,  he  replied  that  he  knew  something  that  the  Lord  could  not 
do.  The  sliocked  teacher  asked  what ;  and  received  the  reply,  "  The 
I^)rd  can't  make  a  two-year  old  in  a  minute.*' 

Several  schools  in  the  State  are  now  teaching  agriculture  and 
are  doing  excellent  work.  We  have  exhibits  from  two  or  three 
such  schools  and  also  "have  an  exhibit  showing  how  some  of  the 
exercises  in  the  State  Syllabus  of  Agriculture  may  be  carried  our. 
I  lK)i>e  that  you  may  take  the  time  to  see  this  work.  I  understand 
tliat  sucli  time  is  set  apart  for  this  afternoon. 
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A  SCIENCE  COURSE  FOR  ELEMENTARY  SCHOOLS 

Pres.  O.  C.  Kenyon — As  regards  the  next  topic  for  discussion, 
"  Science  for  Elementary  Schools,"  while  it  is  not  a  new  subject 
with  us,  it  is  one  to  which,  it  seems  to  me,  we  have  not  given  that 
earnest  and  enthusiastic  support  which  we  have  lent  to  other  sub- 
jects. And  yet  this  is  one  of  the  principal  objects  for  which  the 
Science  Association  was  formed.  At  our  first  annual  meeting,  in 
1896,  a  "  committee  of  nine  "  was  appointed  to  secure  three  results : 
first,  the  recognition  of  science  as  a  requirement  for  entrance  to 
college;  second,  the  development  and  strengthening  of  science 
courses  in  secondary  schools;  third,  the  establishing  of  nature 
study  in  elementary  schools.  The  first  two  of  these  aims  seem  to 
have  been  fairly  well  accomplished.  High  school  science,  with 
accompanying  laboratory  work,  is  accepted  by  the  colleges,  re- 
quired by  the  State,  and  generally  recognized  as  an  essential  and 
important  part  of  the  high  school  course. 

But  what  have  we  done  for  nature  study?  In  the  first  address, 
by  a  president  of  the  Science  Association,  Prof.  Simon  T.  Gage, 
of  Cornell  University,  made  a  -plea  for  cooperation  on  the  part  of 
all  science  teachers  in  helping  not  only  the  colleges  and  high 
schools  but  also  the  elementary  schools,  the  professions,  and  the 
public  generally  to  acquire  some  knowledge  of  science.  "  Our 
association,"  he  said,  "ought  not  and  can  not  stop  with  the  work 
of  the  high  school.  From  the  elementary  schools,  most  people 
enter  upon  the  labors  of  life;  they  are  the  bulk  of  the  State,  and  a 
noble  patriotism  should  lead  us  to  do  all  we  can  for  them.  As  the 
college  reaches  down  to  help  and  encourage  the  high  school,  so 
should  the  high  school  reach  down  to  help  and  encourage  the  ele- 
mentary school,  and  thus  will  it  come  about  that  every  child  in  the 
State  will  be  brought  into  direct  contact  with  nature  where  he  can 
experience  for  himself  her  inspiring  and  uplifting  sympathy." 

In  the  next  year  the  committee  of  nine  reported  as  follows: 
"  The  importance  of  a  continuous  course  of  nature  study  in  all 
elementary  schools,  as  an  indispensable  element  in  primary  educa- 
tion and  as  a  preparation  for  the  study  of  science  in  the  secondary 
schools,  demands  that  an  immediate  effort  be  made  to  formulate 
the  objects  and  lay  out  the  plans  for  such  a  course  and  to  sur- 
mount the  difficulties  in  the  way  of  its  successful  operation." 

In  the  year  following  (1898),  a  subcommittee  of  the  committee 
of  nine  recommended,  "  that  the  association  endeavor  to  arrange 
for  the  publication  and  distribution  of  syllabuses  on  nature  study 
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for  the  direction  of  teachers'  classes  and  for  the  help  of  teachers 
in  the  schools."  The  committee  reported  a  list  of  topics  for 
schools;  and  stated  that  the  objects  to  be  gained  by  the  study  were: 
first,  the  training  of  the  senses;  second,  the  ability  to  think  about 
what  has  been  observed;  third,  sympathy  with  nature.  This  meet- 
ing was  held  ten  years  ago,  and  up  to  that  time  we  seemed  to  have 
done  fairly  well;  but  at  the  next  meeting,  for  some  reason,  there 
was  no  attention  given  to  this  subject.  For  the  following  three 
years,  while  there  was  a  nature  study  section,  judging  from  the 
fact  that  it  was  discontinued,  it  could  not  have  been  very  success- 
ful. During  the  last  six  years  we  liave  had  no  nature  study  sec- 
tion, and  only  two  papers,  I  think,  on  this  subject,  before  the  gen- 
eral session. 

It  must  appear,  therefore,  as  I  suggested,  that  we  have  not  given 
to  this  important  subject  the  consideration  which  it  deserves.  We 
have  been  busy  with  other  matters,  especially  with  high  school 
problems.  But,  fortunately  for  the  study,  some  of  our  members, 
and  those  of  other  organizations,  have  kept  at  work  and  have  made 
progress.  Some  of  these  will  tell  us  how  far  the  movement  has 
gone  in  this  and  other  states  and  will  make  suggestions,  probably, 
as  to  what  should  be  done  at  the  present  time. 

Finally,  is  it  not  our  duty  as  a  body  of  science  teachers,  now 
that  the  high  school  field  is  won,  to  unite,  to  remain  united,  and  in 
vigorous  action,  in  assisting  the  elementary  schools  in  their  effort 
to  extend  science  teaching,  until,  as  Professor  Gage  so  well  said, 
"  every  child  in  the  State  shall  be  brought  into  direct  contact  with 
nature  where  he  can  experience  for  himself  her  inspiring  and  up- 
lifting sympathy." 

I  now  have  the  pleasure  of  giving  this  meeting  into  the  charge 
of  Prin.  H.  C.  DeGroat  of  Buffalo,  president  of  the  nature  study 
section  of  the  New  York  State  Teachers  Association. 

President  DeGroat  then  took  the  chair  and  presided  over  the 
meeting  during  the  reading  of  the  following  papers. 

L.  S.  Hawkins  —  The  practical  problem,  which  now  confronts 
the  advocates  of  nature  study,  is  to  formulate  some  general  prin- 
ciples which  may  guide  teachers  in  organizing  nature  study  work. 
The  formation  of  the  American  Nature  Study  Society  is  a  step  in 
the  right  direction.  Professor  Bailey,  its  president,  advocates  that 
the  society,  or  a  committee  from  the  society,  put  in  concrete  fonn 
results  of  the  ideas  that  have  been  repeatedly  expressed.  This 
would  at  least  afford  a  central  point  for  discussion   from  which 
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might  eventually  come  a  generally  accepted  basis  for  a  course  of 
study. 

Gradually  the  difficulties  which  have  stood  in  the  way  of  a  gen- 
eral introduction  of  nature  study  into  the  schools  are  being  re- 
moved. The  teachers  are  getting  in  sympathy  with  the  observa- 
tional methods  and  are  recognizing  the  general  aims  of  nature 
study.  Superintendents  and  principals  are  becoming  convinced  of 
the  educational  and  ethical  value  of  nature  study.  Parents  are 
finally  losing  the  idea  that  nature  study  is  a  fad.  In  order  that 
there  may  not  be  reaction  it  is  quite  necessary  that  our  work  be 
organized.  The  lines  of  organization  may  be  broad;  it  seems  that 
they  should  be  broad;  but  they  must  be  definite  if  nature  study  is 
to  have  a  permanent  place  in  our  school  curriculum. 

Biologists  have  been  most  active  in  establishing  nature  study  in 
the  schools  and  in  working  out  courses,  lessons  and  suggestion?. 
Biological  facts  are  the  basis  of  most  of  the  textbooks  of  nature 
study.  As  a  consequence,  in  the  average  teacher's  mind,  nature 
study  material  means  plants  and  animals.  We  are  all  agreed  that 
material  for  nature  study  comes  from  the  fields  of  meteorology, 
geology,  mineralogy,  physical  geography,  physics  and  chemistry,  as 
well  as  from  the  field  of  biology.  Why  then  in  our  courses,  les- 
sons, plans  and  suggestions  permit  the  biological  to  dominate?  We 
say  tliat  nature  study  is  an  attitude  of  mind.  Why  not  get  in  this 
attitude  and  incorporate  in  our  writings  nature  study  facts  rather 
than  biological  facts  only?  If  teachers  in  the  public  schools  are  to 
be  in  sympathy  with  the  movement,  the  leaders  must  be  natural 
scientists  instead  of  biologists,  physicists,  chemists  or  geologists. 
The  writer  wishes  to  state  here  that  he  has  been  trained  along  the 
lines  of  biological  rather  than  other  science. 

In  the  discussions  of  aims,  methods  and  materials  there  has  been 
expressed  great  difference  of  opinion.  Note  for  instance  the 
points  made  in  the  discussions  of  Dr  Hornaday's  article  on  the 
weakness  of  nature  study  [Nature  Study  Review.  January  1907]. 
Some  of  the  writers  had  in  mind,  as  did  Dr  Hornaday,  only  the 
upper  grades  while  others  were  evidently  thinking  of  the  lower 
grades.  Very  little  emphasis  has  been  placed  upon  the  distinctions 
that  should  be  made  between  the  first  and  last  years  of  the  work 
in  the  elementary  school.  Almost  without  exception  writers  apply 
to  the  grades,  as  a  whole,  ideas  which  relate  to  a  limited  portion 
only.  A  separation  of  the  discussion  might  harmonize  some  ap- 
parently diverse  views.  The  fifth  or  sixth  year  seems  to  mark 
some  break  in  school  work.     Primary  (first-fifth)  grades  are  on  a 
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different  basi^  from  the  grammar  (sixth-eighth)  grades.  This  divi- 
sion of  the  elemcntar}'  >chooI  —  primar}-.  grades  first-fifth :  grammar, 
gradiTjj  isixth-cighth  —  apj>ear-  to  be  a  logical  e Jucational  distinction 
and  applies  not  only  to  subject-matter  but  also  to  presentation. 

The  chief  aim  in  the  primar}-  grades  should  be  to  acquaint  the 
child  with  many  of  the  forms  of  nature.  The  work  is  essentially 
perceptive  —  perception  of  things  and  the  relationships  of  things. 
The  material  is  therefore  mainly  minerals,  plants,  and  animals. 
The  actual  presence  of  the  objects  in  the  hands  of  a  common  sense 
teacher  is  the  main  factor  for  success.  The  aquarium,  the  viva- 
rium, p^jtted  plants,  the  school  garden  and  the  daily  phenomena  of 
meteorolrjgy  sui;j>lement  excursions  which  should  of  course  always 
have  fir>t  consideration.  Expression  should  be  for  the  most  part 
oral  and  as  informal  and  conversational  as  possible.  Vividness  of 
presentation  should  be  the  means  of  fixing  the  knowledge.  This 
part  of  the  work  has  been  well  thought  out  and  nature  study  in  its 
I^resent  form  and  significance  is  well  suited  to  the  primar>'  gprades. 

In  addition  to  the  work  along  biological  lines  the  calendar  les- 
.sr>ns  of  the  first  three  grades  makes  profitable  study.  The  first  of 
each  month  is  a  suitable  time.  The  names  of  the  months  and  sea- 
s<jns  may  be  taught  in  the  first  grade.  The  number  of  days  in  the 
month,  the  character  of  the  months,  and  the  character  of  the  sea- 
sons may  be  tauglit  in  the  second  grade.  The  occupations  of  the 
seasons  may  be  considered  in  the  third  grade.  These  lessons  may 
lead  to  some  observations  of  the  sports  peculiar  to  the  seasons. 
S^^jnie  comparison  of  the  seasonal  appearance  of  plants  and  animals 
may  well  be  made.  The  calendar  and  the  almanac  are  the  text  for 
tlu'sc  lcsM)iis.  and  the  weatlier,  flower,  bird  and  insect  calendars 
arc  excellent  applications.  The  material  for  study  is  always 
available. 

The  primary  colors  should  be  taught  in  the  first  grade  and  the 
colors  ai)i)lied  to  the  flowers  of  solid  color.  The  forms  of  matter: 
evaf)oration,  clouds,  storms,  winds,  moon's  phases,  and  snowflakes.. 
all  make  excellent  nature  study  material  for  the  lower  grades. 
There  is  no  more  interestin.u:  or  instructive  observation  lesson  than 
that  of  examining'  the  siiowflake^  and  tearing  i)aper  snowflakes. 

The  work  of  the  ^^raniniar  j^rades  ought  to  be  along  two  separate 
lines ---one  for  boys  and  one  for  girls  —  but  as  this  is  not 
|xissil)le  and  there  setnis  U)  ])e  little  tendency  toward  a  condition 
which  will  make  it  possible,  I  am  inclined  to  favor  the  boys.  The 
work  shoidd  he  presented  in  the  problem  fonn.  The  students 
shouM  he  enccniraged  to  suggest  as  many  of  the  problems  as  possible 
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and  then  be  allowed  to  determine  the  means  of  working  them  out. 
The  student  should  be  lead  to  explain  for  himself  certain  phenom- 
ena, with  which  he  comes  in  daily  contact,  in  order  that  he  may  come 
into  an  understanding  relationship  with  his  environment  and  at  the 
same  time  increase  his  ability  to  solve  for  himself  practical  problems 
(not  mathematical).  With  this  end  in  view,  the  following  points 
should  be  made  important:  (i)  The  student  and  not  the  subject- 
matter  is  the  first  consideration;  (2)  the  subject-matter  is  to  be  a 
means  and  not  an  end;  (3)  the  problems  are  to  be  solved  in  the 
light  of  the  horizon  of  the  student  and  not  that  of  the  research 
student. 

Physical  phenomena  seem  to  be  the  best  material  for  this  work. 
The  experiments  run  through  a  short  period  of  time  and  the  con- 
ditions are  easily  controlled.  Results  are  definite  and  many 
secondary  problems  suggest  themselves.  In  none  of  the  work 
should  there  be  any  attempt  to  develop  mathematical  fonnulas  or 
formal  definitions.  In  considering  the  pendulum  my  students  of 
the  seventh  year  worked  out  the  following  laws:  (i)  the  weight 
of  the  pendulum  bob  makes  no  diflference  in  the  number  of  swings 
of  the  pendulum  in  a  given  time;  (2)  the  length  of  the  swing  of 
the  pendulum  bob  makes  no  diflference  in  the  number  of  swings  of 
the  pendulum  in  a  given  time;  (3)  the  shorter  the  pendulum  rod  the 
greater  the  number  of  swings  of  the  pendulum  in  a  given  time.  At 
the  request  of  the  teacher,  the  students  themselves  decided  what 
might  aflfect  the  number  of  swings,  devised  the  experiments,  and 
finally  agreed  upon  the  above  as  the  laws  which  govern  the  swing- 
ing of  the  pendulum. 

In  the  eighth  year,  the  present  elementary  biology,  planned  for 
the  first  year  of  the  high  school,  with  some  expansion  of  the  intro- 
ductory experiments  in  che:nistry,  and  an  elimination  of  some  of 
the  anatomical  work,  makes  an  excellent  course. 

In  the  Course  of  Study  and  Syllabus  for  Elementary  Schools 
published  by  the  New  York  State  Education  Department  there  is 
an  excellent  outline  for  the  first  five  years.  The  outline  for  the 
three  upper  grades  inclines  to  agriculture  almost  exclusively.  As 
has  already  been  said,  the  work  should  be  divided  in  the  upper 
grades.  To  go  a  little  farther,  it  seems  as  though  not  only  the  basis 
of  sex  be  used  but  a  farther  division  be  made  on  the  basis  of 
chosen  profession  or  trade.  The  three  years'  work  would  then  be 
arranged  by  courses  and  subjects  rather  than  by  grades.  Educators 
will  some  day  come  to  realize  that,  in  order  to  secure  the  results 


34         NEW  YORK  STATE  SCIENCE  TEACHERS  ASSOCIATION       [DcC  29 

desired,  from  the  sixth  year  on,  the  student  must  be  appealed  to  in 
the  light  of  a  chosen  work,  trade  or  profession.  Instead  of  the 
present  system  of  grades  there  then  will  be  an  organization  of  the 
work  in  the  light  of  the  different  professions.  The  chemical  and 
physical  laws  taught  to  an  agriculturist  will  be  the  same  as  those 
taught  to  a  doctor,  but  the  methods,  and  more  especially  the  illus- 
trations and  applications  different.  Taking  the  situation  as  it  is, 
the  course  must  be  planned  without  the  assurance  of  a  vital  interest 
on  the  part  of  the  student. 

Summary 

1  Times  are  propitious  for  a  general  introduction  of  science  study 
in  the  elementary  schools. 

2  Biological  material  should  not  be  dominant  all  through  the 
course. 

3  There  should  be  some  distinction  between  the  lower  and  higher 
grades. 

4  Nature  study  for  the  primary  and  elementary  science  for  the 
grammar  grades. 

5  The  ideal  course  of  study  for  upper  grades. 

Augustus  Klock  —  It  is  not  my  purpose  to  define  specifically  a 
course  in  science  for  elementary  schools  for  I  think  that  every 
teacher  will  make  his  own  selection  of  material  for  such  a  course 
—  a  selection  that  will  depend  on  local  conditions  and  will  consider 
local  industries.  Instead,  I  shall  describe  an  elementary  course  in 
science  that  for  seven  years  has  been  in  successful  operation  at 
Beverly  with  students  about  13  years  of  age. 

Any  course  in  elementary  science  must  to  my  mind  possess  three 
primary  motives:  (i )  It  must  teach  the  scientific  method  of  work 
and  consider  the  fundamental  concepts  and  operations  of  science  in 
f^'tMicral  so  that  it  may  serve  as  a  g(X)d  foundation  for  later  science 
work.  (2)  It  must  be  presented  in  such  a  way  as  to  arouse  in 
students  a  love  for  the  subject  and  a  desire  for  more  science.  (3) 
The  pure  science  must  be  correlated  with  its  practical  applications 
so  that  the  pupil  may  appreciate  wliat  science  has  done  and  is  doing 
for  the  comfort  and  convenience  of  the  race. 

The  elementary  course  in  science  at  Beverly  is  given  to  students 
in  the  ninth  year  of  their  school  work.  The  average  entering  age 
is  13.7  years  which  is  probably  not  far  from  the  average  age  of 
stiulenls  in  the  last  year  of  the  New  York  elementary  schools. 

This  course  is  essentially  a  lalK)ratory  course  in  which  a  careful 
record  of  lahoratorv  work  is  made.     It  is,  in  the  main,  nonmathe- 
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matical  and  does  not  involve  formulas  and  equations  for  reactions 
in  the  chemistry.  The  year's  work  is  divided  into  quarters  of  lo 
weeks  each.  The  last  week  of  each  quarter  is  given  up  to  examina- 
tions (for  this  is  examination  week  in  all  departments  of  the 
school),  the  last  week  but  one  to  review,  leaving  8  weeks  of  each 
quarter  for  new  work.  We  have,  moreover,  our  own  little  book, 
published  by  the  school  department,  which  serves  as  tJie  textbook 
for  the  course.  This  book,  as  has  been  implied,  contains  32  lessons, 
each  one  of  which  is  the  particular  theme  for  the  week;  and  while 
the  *book  contains  the  more  important  part  of  the  work  of  the 
course,  it  is  understood  that  each  teacher  will  supplement  the  book 
work  with  a  wealth  of  outside  information. 

As  has  been  said,  there  is  a  particular  topic  or  general  theme  con- 
sidered each  week.  A  laboratory  experiment  performed  on  Mon- 
day, or  at  the  first  meeting  of  the  class  in  any  particular  week, 
introduces  the  subject  and  gives  the  student  a  first-hand  acquaint- 
ance with  his  week's  work.  A  thorough  discussion  of  the  experi- 
ment with  a  number  of  questions  for  study  to  serve  as  mental  whet- 
stones follows  in  the  second  meeting,  and  the  remaining  two  periods 
(out  of  a  total  of  four  50  minute  periods  each  week)  cover  the 
descriptive  matter  and  the  practical  applications. 

For  example,  the  theme  of  work  in  the  twenty-fourth  week  is  a 
consideration  of  the  methods  of  purifying  water.  At  the  first  exer- 
cise of  that  week,  the  student  performs  experiments  illustrating  the 
purifying  of  water  by  distillation,  and  by  filtration.  At  the  next  ex- 
ercise the  whole  matter  is  thoroughly  discussed  and  at  the  succeeding 
exercises  the  practical  application  of  these  processes  for  industrial 
and  sanitary  purposes  is  emphasized,  as  a  justification  for  the  pure 
science  work  of  the  first  part  of  the  week.  Obviously,  a  considera- 
tion of  city  filtration  beds,  of  brine  concentration  in  the  cold 
countries  of  the  earth,  and  of  the  great  process  of  distillation  carried 
on  by  nature  is  properly  included  in  these  concluding  lessons  of 
the  week.  It  is,  of  course,  not  always  possible  to  complete  the  ex- 
perimental work  in  a  single  50  minute  period  and,  in  that  event,  two 
periods  may  be  used.  Furthermore,  inasmuch  as  there  are  about 
150  people  taking  the  course,  involving  seven  divisions  of  parallel 
work,  it  is  not  always  possible  to  arrange  for  a  single  section  to  do 
all  of  its  work  in  a  single  period. 

To  give  some  idea  of  the  content  of  the  course,  the  following 
headings  or  general  themes  covering  the  entire  32  weeks  are  given. 
These  subjects  are  obviously  inadequate  to  give  any  clear  idea  of 
the  content  and  mode  of  presentation  of  the  course  in  detail. 
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Yvnx.  quarter 

1  The  metric  system 

2  The  fundamental  units  of  measurement 

3  The  subdivisions  of  matter 

4  Properties  of  matter  (general  properties) 

5  Properties  of  matter  (specific  properties) 

6  Mechanics  of  solids ' 

7  "  Centrifugal  force,"  center  of  gravity,  center  of  buoyancy 

8  Work  and  energy 

Second  quarter 

1  The  Bunsen  burner 

2  Effect  of  air  on  elements  heated  in  it 

3  Qiange  in  weight  of  elements  heated  in  air 

4  To  separate  and  identify  the  substance  that  unites  >\nth  metals 

when  they  burn 

5  Oxygen 

6  To  find  a  second  gas  in  air 

7  Carbon  dioxid  (2  weeks) 

Third  quarter 

1  Water  vapor  —  a  fourth  gas  in  air 

2  The  weight  of  air,  atmospheric  pressure 

3  Energy  of  heated  gases 

4  Hydrogen 

5  The  composition  of  water 

6  Density  of  water  —  the  thermometer 

7  The  freezing  point  of  water  and  its  boiling  point 

8  The  mctliods  of  purifying  water 

Fourth  quarter 

1  Tlie  moisture  of  the  atmosphere 

2  Storms 

3  Ocean  currents 

4  Tlie  healing  of  buildings,  convection 

5  Heating  by  radiation  —  the  graph 

6  The  ventilation  of  buildings 

7  Pumps 

8  Tjiergy  of  moving  water 
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The  niore  important  laboratory  experiments  involved  under  the 
above  headings  are  given  here  simply  according  to  the  object  of 
each  experiment. 

1  To  measure  a  straight  line 

2  To  find  the  relations  of  the  hypotenuse  of  a  rightangled  triangle 
to  the  other  two  sides 

3  To  find  tlie  relation  of  the  diameter  of  a  circle  to  its  circum- 
ference 

4  To  become  familiar  with  the  Bunsen  burner 

5  To  study  the  effect  of  heating  certain  elements  in  air 

6  To  find  whether  iron  gains  or  loses  in  weight  when  heated  in  air 

7  To  study  the  effect  of  heating  burned  mercury  above  370®  C. 

8  To  identify  the  gaseous  product  obtained  by  heating  burned 
mercury 

9  To  obtain  oxygen  from  potassium  chlorate  and  study  the  prop- 
erties of  oxygen 

10  To  detennine  the  percentage  of  oxygen  and  of  nitrogen  in  the 
air 

11  To  find  a  third  gas  in  air  and  study  it 

12  To  continue  the  study  of  carbon  dioxid 

13  (a)To  find  a  fourth  gas  in  air,  (b)  to  find  the  use  of  dust  in 
the  air 

14  To  study  the  weight  of  air 

^  *  15  To  study  (a)  the  cause  of  air  currents,  (b)  windmills,  (c) 
hot  air  engines,  (d)  gas  engines 

16  To  prepare  hydrogen  and  to  study  it 

17  To  study  the  composition  of  water 

18  (a)  To  find  the  weight  of  one  cubic  centimeter  of  water,  (b) 
to  become  familiar  with  the  thermometer 

19  To  find  the  boiling  point  and  the  freezing  point  of  water  and 
to  note  the  effect,  on  each  of  these  points,  of  substances  dissolved  in 
the  water 

20  To  study  the  methods  of  purifying  water 

21  To  study  the  dew-point  and  the  hygrometer 

22  To  study  condensation  and  rain  ga*^c 

*  23  To  study  the  cause  of  ocean  currents 

*  24  To  study  the  convection  of  water  and  gases 

*  25  To  study  radiation  and  the  use  of  the  graph 

*  26  To  study  (a)  the  anemometer,  (b)  the  gas  meter 

*  27  To  study  pum*ps  and  the  siphon 

*  28  To  study  waterwheels 

1  The  asterisk    *   indicates  experiments  performed  by  the  teacher. 
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As  a  result  of  this  course,  in  addition  to  the  training  in  and  for 
itself,  and  the  information,  students  possess  after  the  year's  work 
a  knowledge  of  many  things  they  will  meet  in  later  science  courses. 
Among  them  are  a  knowledge  of  the  metric  system ;  the  ability  to 
measure  to  the  tenth  of  a  millimeter ;  a  knowledge  of  the  operation 
and  use  of  the  Bunsen  burner;  the  ability  to  read  a  centigrade 
thermometer  to  the  tenth  of  a  degree;  expression  of  the  results  of 
experiment  in  graphical  form;  a  knowledge  of  the  methods  of 
manipulation  of  the  commoner  forms  of  physical  and  chemical 
apparatus. 

I  have  found  it  possible,  and  of  decided  advantage,  to  assume  a 
knowledge  of  these  things  on  the  student's  part  in  more  advanced 
courses  along  the  same  lines.  This  is  especially  valuable  in  the 
Beverly  High  School  where  there  is  a  five  year,  nonconflicting 
science  course,  the  content  of  which  is  practically  allied  to  physics 
and  chemistry  only. 

From  a  general  point  of  view,  it  will  be  seen  that  this  course 
occupies  the  first  quarter  with  a  study  of  elementary  physics  as  a 
ground  work  for  subsequent  study.  The  second  quarter  introduces 
the  study  of  elementary  chemistry  taking  the  air  as  its  general 
theme.  The  more  important  constituents  of  the  air  and  their 
properties  are  thus  made  familiar  to  the  student  and  a  good  oppor- 
tunity is  offered,  also,  for  the  inductive  method  of  teaching.  At 
the  beginning  of  the  third  quarter,  the  study  of  water  vapor  as  a 
constituent  of  the  atmosphere  leads  up  to  the  study  of  water  in 
general,  its  synthesis,  its  composition,  its  density  and  the  larger 
functions  it  serves  in  the  atmosphere,  on  land  and  in  the  ocean. 

It  is  obvious  that,  in  this  course,  in  addition  to  the  study  of 
matter  in  general,  the  particular  substances  of  air  and  water,  and  their 
mutual  action  in  the  larger  atmospheric  phenomena,  are  pretty 
thoroughly  studied.  Students  thus  get  a  course  that  considers  some 
of  the  more  important  fundamental  principles  of  physics,  chemistry, 
pliysical  geography,  meteorology  and  other  pliases  of  nature  study 
in  such  a  way  that  the  water-tight  compartments  of  science  are, 
from  the  first,  largely  removed. 

Brief  papers  were  also  read  by  John  F.  WoodhuU,  Teachers 
College,  New  York,  and  by  C.  Edward  Jones,  Education  Depart- 
ment, Albany. 
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Tuesday  afternoon,  December  29 
INSPECTION  OF  LABORATORIES  AND  APPARATUS  EXHIBITS 

During  the  meeting  the  laboratories  in  all  of  the  science  buildings 
were  open  for  inspection.  At  2  o'clock  Tuesday,  Prof.  R.  A.  Porter 
gave  demonstrations  of  "  The  Measurement  of  the  Force  on  a  Cur- 
rent-bearing Conductor  in  a  Magnetic  Field;"  and  also  "A  Direct 
Study  of  a  Falling  Body."  A  special  exhibit  of  apparatus  in 
mechanics  and  heat  was  arranged  in  room  17,  Steele  Hall  of 
Physics,  and  of  the  apparatus  for  the  elementary  course  in  physics 
in  room  2'j.  These  exhibits  were  in  charge  of  Instructors  Hol- 
brook  and  Harris. 

In  Bowne  Hall  of  Chemistry.  Exhibits  in  room  303  were  by 
Messrs  Bratt  and  Gk)uldin.  The  principal  experiments  of  the 
chemistry  syllabus  were  set  up  with  standard  apparatus.  Some 
economical  suggestions  were  also  oflFered.  Interesting  lecture  ap- 
paratus, sample  laboratory  directions  for  high  schools  and  a  repre- 
sentative collection  of  recent  entrance  notebooks  were  shown. 

The  exhibits  in  nature  study  and  high  school  agriculture,  together 
with  the  various  exhibits  in  biology  were  in  Lyman  Hall  of  Natural 
History.  Many  manufacturers  and  dealers  showed  interesting 
exhibits  of  new  or  recent  apparatus  for  the  various  sciences,  and 
the  following  exhibits  were  presented  by  teachers  of  science : 

Nature  study  and  high  school  agriculture  exhibit,  by  the  State 
College  of  Agriculture  of  Cornell  University,  by  M.  P.  Jones,  room 
208,  Lyman  Hall. 

Part  I.  To  show  laboratory  exercises  which  may  be  used  in  the 
teaching  of  agriculture  in  the  high  school,  following  the  agricultural 
syllabus  for  secondary  schools  as  prepared  by  the  New  York  State 
Education  Department. 

Demonstrations  as  follows:  Types  of  soil  and  subsoil;  relative 
productivity  of  soil  and  subsoil ;  depth  for  planting  seeds  ;  plant  food 
and  fertilizers ;  drainage ;  relation  of  soil  color  to  soil  temperature ; 
per  cent  of  air  in  soils ;  warm  and  cold  soils ;  effect  of  humus  and 
lime  on  soil;  capillary  rise  of  water  in  soils;  propagation  of  plants; 
respiration  and  transpiration  of  plants  and  the  formation  and  trans- 
location of  plant  food;  identification  of  legumes,  cereals  and  grasses; 
bacteria  and  molds;  plant  diseases;  insect  enemies;  germination  of 
seeds;  purity  of  seeds;  grafting,  budding  and  pruning;  cattle; 
balanced  rations  for  cattle ;  horses ;  farm  forestry. 

Part  2.  To  show  work  actually  accomplished  in  teaching  agri- 
culture in  high  schools  of  this  State.  Laboratory  notebooks  from 
Randolph  High  School,  Parker  High  School,  Oarence,  N.  Y.,  De- 
posit High  School. 
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Part  3.  To  show  work  which  may  be  done  in  the  teaching  of 
nature  study  agricuhure  in  the  city  and  rural  elementar)-  schools 
and  to  show  equipment  which  may  be  used. 

Exhibit  to  show  literature  aiailable:  Cornell  Rural  School  Leaf- 
lets for  teachers,  sent  free  to  teacher^  in  State  by  College  of  Agri- 
culture, Cornell  L'nivtr^ity;  Home  Nature  Study  Course  for 
teachers  (  free;  ;  Cornell  Rural  Schrx)l  Leaflets  for  boys  and  girls 
(free;;  Traveling  Library  from  the  Xew  York  State  Education 
Department ;  Farmers'  Uulletins  from  Department  of  Agriculture, 
Washington,  D.  C.  ( free)  ;  State  Experiment  Station  Bulletins 
(free). 

I'o  show  the  study  of:  The  Babcock  milk  test;  an  animal  in  the 
schoolroom,  such  as  a  rabbit ;  poultry-  in  the  sclioolroom  (^collections 
showing  types  of  feathers  and  their  arrangement);  an  egg;  com- 
mon types  of  soil ;  common  cereals,  grasses,  farm  crops,  flowers  and 
weeds  and  their  seeds ;  plant  diseases ;  leaves  and  bark  and  wood  of 
common  trees;  birds,  insects,  animals  of  the  out  of  doors;  birds' 
nests  and  insect  and  animal  dwellings;  nuts;  the  United  States 
Weather  Bureau  map;  types  of  corn,  an  ear  of  corn  and  the  way 
to  judge  a  good  ear  of  corn;  the  germination  test  of  seeds;  fruits 
and  their  classification;  plant  diseases;  insect  pests;  bacteria  and 
molds. 

Part  4.  Exhibit  to  show  work  of  farm  boys  and  girls  club^, 
oiganized  under  the  direction  of  the  College  of  Agriculture,  Cornell 
University;  school  fair  exhibit  of  Sharp  Eyes  (a  farm  Boys'  and 
Girls'  Club  in  a  rural  district  school  at  Seneca,  N.  Y.)  ;  exhibit  of 
weed  seeds  (  Farm  Cirls'  Club,  Haviland  Hollow  School,  Patter- 
scjn,  Putnam  co..  X.  V.)  ;  exhibit  of  tree  seeds  (Farm  Boys'  and 
(iirls'  C  hil),  district  no.  18,  Otsego  co.,  X.  Y.)  ;  exhibit  of  bark  of 
common  trees  (  j-'arm  l>(jys'  Club,  Haviland  Hollow  School,  Pat- 
terson. Putnam  co.,  X.  Y.). 

Part  5.  iHcK)  scjuarc  feet  of  exhibit  showing  nature  study  agri- 
culture work  in  elementary  grade  and  rural  district  schools  from 
the  school  of  Steuben  county,  X.  Y.,  under  direction  of  Mr  H.  L. 
Drummer,  P>ath,  X.  Y. 

lixhibits  in  nature'  stiiiiy  from  Andrew  Jackson,  Belleview, 
Madison,  Dan  forth  and  Putnam  SchooLs  Syracuse,  room  205,  Ly- 
man Hall. 

Synuitsc  lciniicr(/artin  nature  study  exhibit,  room  205,  Lyman 
Hall. 

Biolo^^y  exhibit,  by  Misses  Hamson  and  ( )veracker,  Central  High 
School,  Syracuse,  room  20;,,  Lyman  Hall,  as  follows: 

1  )einonhtrati()n  of  seedlings  to  show  stages  of  germination; 
osmosis;  dij^a'stion  of  starch;  need  of  air  for  germination;  use  of 
stored  fijod  in  seels;  effect  of  light  and  darkness  on  growth  of 
roots  and  stems;  response  of  stems  and  roots  to  force  of  gravity; 
life  history  of  a  frog. 

/ixhibit  (if'  /•(•('(>n//;/^'^  tuniui:;  fork,  for  determining  the  vibration 
rate  of  fork.  E.  K.  Smith,  Xorth  High  School,  Syracuse.  Room 
21  s.  Lvman  Hall. 
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Exhibit  of  hoiuc  made  elementary  seience  apparatus  constructed 
by  the  pupils  of  the  seventh  and  eighth  grades.  The  collection, 
consisting  of  23  pieces,  came  from  the  12  schools  of  Richmond 
borough,  New  York  city,  where  science  is  taught. 

Dr  John  S.  Shearer,  Cornell  University,  Ithaca,  gave  a  very  in- 
teresting and  instructive  discussion  of  the  gyroscope  with  demon- 
strations and  showed  the  application  of  this  principle  to  mono-rail 
cars.  He  described  the  construction  of  the  Brennan  mono-rail 
gyroscopic  car,  and  demonstrated  the  ability  of  this  car  to  travel 
on  a  cable  suspended  across  the  lecture  room. 
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SECTION   MEETINGS 

Tuesday  afternoon,  December  29 

Section  A  — PHYSICS  AND  CHEMISTRY 

IONIZATION  THEORY 

Demonstration   with   application  to  electrolysis 
HARRY    A.    CARPENTER,    WEST    HIGH    SCHOOL,    ROCHESTER 

It  has  been  known  for  a  long  time  that  the  freezing  point  of  a 
solvent  is  materially  lowered  by  the  solution  of  some  substances  and 
the  boiling  point  of  the  liquid  is  raised;  but  until  the  study  of 
osmotic  pressure  and  its  cause  was  taken  up,  the  exact  quantitative 
effect  of  solutes  on  the  points  in  question  was  not  much  considered. 
Then  it  was  found  that  the  amount  of  lowering  of  the  freezing 
point  or  raising  of  the  boiling  point  was  proportional  to  the  amount 
of  solutes  used,  and  with  some  organic  acids,  salts  etc.,  the  effect 
was  determined  to  be  proportional  to  the  number  of  dissolved  mole- 
cules. According  to  Kaoult,  one  molecule  of  solute  to  100  mole- 
cules of  solvent  produces  a  lowering  of  the  freezing  point  to  .63*^ 
largely  independent  of  the  nature  of  the  solute,  and  the  raising  of 
the  boiling  point  of  liquids  is  proportional  to  the  number  of  mole- 
cules of  solute;  also,  the  osmotic  pressure  of  a  solution  is  propor- 
tional to  the  number  of  parts  of  the  solute. 

This  relation  seemed  to  hold  good  until  applied  to  solutions  of 
some  of  the  minerals,  acids  and  salts.  These  solutions  have  a 
greater  osmotic  pressure,  a  greater  lowering  of  the  freezing  point 
and  greater  increase  of  the  boiling  point  than  the  dissolved  number 
of  molecules  would  indicate,  and,  in  fact,  in  dilute  solution  the 
amount  of  change  is  double  the  effect  produced  by  the  organic 
materials.  With  either  class  of  solutes,  solutions  having  the  same 
osmotic  pressure  have  the  same  freezing  points. 

Solutions  of  nearly  all  substances  have  some  power  of  conducting 
the  electric  current  and  the  conducting  power  was  found  to  bear  a 
definite  relation  to  the  number  of  dissolved  molecules  of  the  organic 
compounds.  As  in  the  case  of  osmotic  pressure  so  with  the  con- 
ductivity. Dilute  solutions  of  minerals,  acids,  bases  and  salts  gave 
double  the  conductivity  deduced  from  the  number  of  dissolved 
molecules.  All  these  facts  indicate  that  the  effects  produced  are  in 
proportion  to  the  number  of  dissolved  parts  of  solute,  whether  mole- 
"ule>  or  parts  of  molecules,  and,  in  as  much  as  in  dilute  solutions 
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of  some  compounds  the  effect  is  double  the  effect  required  by  the 
number  of  whole  molecules,  it  seems  reasonable  to  assume  that  each 
of  these  molecules  under  the  conditions  is  broken  into  two  parts. 

It  is  interesting  to  know  that  investigators  have  established  the 
fact  that  the  osmotic  pressure  —  lowering  of  the  freezing  point  and 
increase  of  the  boiling  point  of  a  solution — is  proportional  to  the 
number  of  dissolved  parts  of  the  solute  and  that  the  effect  is,  in 
most  cases,  independent  of  the  nature  of  the  "  part "  whether  it  is 
a  whole  molecule  or  part  of  a  molecule. 

Having  considered  briefly  the  historical  development  of  some  of 
the  facts  of  solution,  how  shall  we  state  and  develop  the  theory  in 
order  that  a  high  school  class  in  chemistry  may  get  the  most  for 
themselves?  In  order  to  avoid  confusion  I  think  it  a  good  plan  to 
state  the  theory  in  two  parts  and  to  demonstrate,  as  far  as  possible, 
each  part  separately. 

First,  when  some  substances  are  dissolved,  their  molecules  are 
more  or  less  separated  into  two  parts  called  ions,  which  are  to  some 
extent  freely  moving  bodies  in  the  solvent. 

Second,  these  ions  carry  charges  of  positive  or  negative  electricity 
produced,  perhaps,  as  a  result  of  the  tearing  apart  of  the  molecule 
by  the  energy  of  solution  much  as  the  charges  are  produced  on  glass 
and  fur,  and  the  conduction  of  an  electric  current  through  a  solu- 
tion is  made  possible  by  these  ions  migrating  toward  oppositely 
charged  poles  or  electrodes.  Also,  solution  of  those  substances 
whose  molecules  do  not  ionize  will  not  conduct  a  current. 

To  prove  the  first  proposition  then,  let  us  consider  the  following 
facts.  Anhydrous  copper  sulphate  is  white.  White,  therefore, 
must  be  the  color  of  the  copper  sulphate  molecule  and  if  mixed 
with  flour  it  would  suffer  no  structural  change  and  would  not  change 
the  color  of  the  flour.  In  the  same  way  if  we  could  mix  it  with 
water,  that  is  dissolve  it  in  water,  w^ithout  its  structure  or  unity 
being  changed  it  ought  to  produce  no  color  change ;  but  the  fact  is 
copper  sulphate  solution  is  blue.  Has  there  been  a  structural 
change?  If  we  dissolve  copper  nitrate  in  water  the  solution  is  also 
blue.  Anhydrous  copper  chlorid  is  yellow,  and  mixed  with  flour 
gives  it  a  yellow  tint,  but  when  dissolved  in  water  makes  a  blue 
solution  which  on  being  heated  turns  green.  The  blue  color  of 
copper  solutions  evidently  is  not  due  to  the  color  of  the  molecule. 
But  since  all  copper  salts  give  a  blue  solution,  regardless  of  what 
the  acid  radical  may  be,  we  are  led  to  the  conclusion  that  the  color 
is  due  to  the  one  constant  part,  the  copper,  and  this  necessarily 
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presupposes  a  struaural  change  or  separation  of  the  molecule  into 
the  metal  part  and  the  acid  radical  part. 

If  we  examine  solutions  of  potassium  sulphate,  potassium  nitrate 
and  potassium  chlorid  we  see  that  they  are  colorless;  hence,  it  is 
certain  that  if  these  salts  separate,  the  acid  radicals  do  not  give 
color  to  the  solutions,  so  we  must  reason  that  the  color  of  the  copper 
salts  in  solution  is  due  to  the  copper  part  and  not  to  the  acid  radi- 
cal part,  and  as  we  have  seen  above,  it  is  not  due  to  the  molecule 
as  a  whole. 

I  have  said  that  anhydrous  copper  chlorid  is  yellow  and  its  solu- 
tion in  the  cold  is  blue,  but  if  heated  turns  green.  This  indicates 
that  in  the  hot  solution  some  color  (yellow)  is  due  to  the  molecule 
as  a  whole  and  some  color  (blue)  is  due  to  the  copper  part  of  the 
separated  or  ionized  molecules  and  the  resulting  color  is  what  we 
would  expect  —  green.  Examination  of  solutions  of  nickel  salts 
shows  them  all  to  be  green,  regardless  of  the  acid  radical.  Solu- 
tions of  chromium  salts  are  all  bluish  green. 

Water  solutions  of  all  cobalt  salts  are  pink.  Anhydrous  cobalt 
chlorid  is  blue;  therefore  the  color  of  the  cobalt  chlorid  molecule 
is  blue;  hence  the  color  of  its  solution  in  water  is  not  due  to  the 
molecules  as  units.  If  a  solution  of  cobalt  chlorid  could  be  made 
so  that  the  salt  would  not  be  ionized  the  color  of  the  solution  should 
be  blue.  An  alcoholic  solution  of  cobalt  chlorid  is  blue  and  we 
must  conclude  that  the  color  is  due  to  the  cobalt  chlorid  molecules  as 
units.  Now,  if  our  theory  is  correct,  the  addition  of  water  to  this 
blue  solution  ought  to  cause  the  molecules  to  split  up  or  ionize  and 
givo  the  pink  color  due  to  the  cobalt  part,  and  such  is  the  fact. 
Therefore,  we  must  conclude  that  the  energy  of  solution  causes  the 
molecules  of  some  substances  to  separate  more  or  less  into  two 
parts,  which  Faraday  called  ions.  It  must  not  be  concluded  that  it 
is  always  the  metallic  ion  that  is  colored,  for  the  potassium  ion  is 
colorless.  It  is  true  that  the  chromium  ion  is  bluish  green,  but  com- 
bine<l  with  oxygen  in  the  acid  radical  of  potassium  chromate  the 
color  of  the  solution,  yellow,  is  due  to  the  CrO»,  while  in  solutions 
of  potassium  bichromate  the  color  is  red  due  to  the  Cr^Or  ion. 

Water  has  greater  power  to  cause  ionization  than  any  other  sol- 
vent. Methyl  alcohol  has  greater  ionization  ix)wer  than  ethyl 
alcohol,  in  fact  ethyl  alcohol  causes  very  little  ionization.  Also, 
some  conii>ounds  are  more  dissociated  by  solution  than  others,  e.  g. 
in  general,  minerals,  acids,  bases  and  salts  dissociate  more  than 
organic  compounds.     In  either  class  those  substances  that  dissociate 
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but  littk  are  called  weak  and  those  that  dissociate  readily  are  called 
strong. 

For  our  proof  that  the  ions  possess  charges  of  electricity  it  is 
only  necessary  to  note  the  action  of  solutions  of  dissociated  com- 
pounds when  subjected  to  the  influence  of  the  electric  current. 
First  of  all  let  us  consider  a  solution  of  sodium  sulphate.  Accord- 
ing to  the  theor>^  when  the  salt  is  dissolved  in  water  it  is  separated 
into  sodium  ions  and  sulphate  ions.  Sodium  in  the  ordinary 
metallic  or  molecular  state  reacts  violently  with  water  with  the 
liberation  of  hydrogen  and  the  formation  of  sodium  hydroxid. 
Why,  then,  if  sodium  exists  as  a  free  body  or  ion  in  solution  does 
it  not  produce  the  same  violent  reaction?  Evidently  it  does  not; 
therefore  we  must  conclude  that  it  is  at  least  different  in  some 
characteristics  from  ordinary  sodium.  If  this  difference  is  the 
possession  of  a  charge  of  electricity  by  the  sodium  ion,  then,  if  that 
charge  could  be  neutralized  or  discharged,  the  sodium  ought  to  act 
as  ordinary  sodium  and  decompose  the  water.  A  solution  of 
sodium  sulphate  is  neutral  to  litmus  and  is  colored  violet  with  litmus. 
If  the  solution  is  placed  in  a  U-Tube  and  platinum  electrodes  from 
a  battery  placed  in  the  solution  at  the  top  of  each  arm,  and  a  current 
passed,  after  a  time  the  solution  in  the  arm  containing  the  positive 
electrode  turns  red  and  the  solution  in  the  arm  containing  the  nega- 
tive pole  turns  blue.  Therefore  in  the  positive  arm  is  produced  an 
acid  and  in  the  negative  arm  is  produced  an  hydroxid.  This  indi- 
cates that  the  sodium  ion  is  charged  positively  and  the  sulphate  ion 
negatively;  for  if  considered  from  the  standpoint  of  the  ionization 
theory  the  observed  results  ought  to  occur.  If  we  assume  a  posi- 
tive charge  on  the  sodium  ion  and  that  it  is  free  to  move,  then  on 
introducing  into  the  solution  a  sufficiently  strongly  charged  negative 
electrode  we  would  expect  that  the  sodium  ion  would  migrate  to 
that  pole.  Here  one  of  two  things  would  happen.  The  sodium  ion 
if  it  touched  the  electrode  would  have  its  charge  neutralized.  It 
would  then,  as  atomic  sodium,  react  with  water  and  form  hydrogen 
gas  and  sodium  hydroxid.  The  hydroxid  formed  would  react  with 
the  litmus  and  produce  the  blue  color. 

Or,  as  is  more  likely,  if  there  were  a  few  molecules  of  dissociated 
water,  as  seems  true,  then,  instead  of  giving  up  its  charge  to  the 
pole,  the  sodium  ion  having  a  higher  discharging  potential  than  the 
hydrogen  ion  present,  takes  the  place  of  the  hydrogen  ion  to  form 
dissociated  sodium  hydroxid  while  the  hydrogen  ion  from  the  water 
gives  up  its  charge  to  the  pole  and  escapes  in  the  form  of  a  gas. 
In  either  case  the  so<lium  ion  must  have  been  cliarged  to  cause  it 
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to  ni^nd^  *Ji  the  negkiirt  pc«c  In  the  same  ottzraer  tbc  soipoate 
k<i  wo^uiM  migrate  VjrwsLT-i  :hc  poshfre  p^Ie:  there  a  free  hrdroxyl 
i^/n  rt^r:nf^  a  le**  ^:*charg:.-ig  >y:entfal  than  the  ^olphate  ion,  gircs 
op  iti  ch^iTj^t:,  TtiiCls  with  waUT  and,  after  liberadi^  free  oxvgcn 
and  fonrj'ng  water,  leaves  two  hydrogtn  yxis  which,  with  the  sul- 
phate i'vn,  forms  dissociated  iulphtiric  acid  which  turns  tbc  iitniiis 
red. 

A;t/>,  jf  th':  current  of  electricity  is  passed  through  solution  of 
ftall',  oi  the  h^itfltr  metah,  the  metallic  ion  always  migrates  to  the 
negative  jx>Ie.  For  example,  if  a  solution  of  lead  acetate  is  used, 
the  lead  collects  at  the  negative  electrode  in  the  form  of  a  tree  and 
jf  the  current  is  reversed  the  lead  is  gradually  taken  away  from 
the  original  jiole  and  deposited  on  the  other  pole,  now  the  negative. 
Thf:  electrodes  being  merely  extensions  of  the  poles  of  the  battery 
r^  generat/^r  are  chargerl  positively  and  negatively  and  the  ions 
U;ing  charged  IxxJies  and  free  to  move,  obey  the  law  of  electro- 
j^talics.  In  fact  the  so  called  conduction  of  a  current  through  a 
sfthttum  i*»  made  possible  only  by  virtue  of  these  charged  bodies  or 
iofiH.  If,  for  example,  a  solution  of  sugar  is  used  we  find  it  will 
not  allow  a  passage  of  the  current.  Moreover,  boiling  point,  freez- 
ing jKiint,  and  osmotic  pressure  tests  show  that  sugar  mixes  with 
water  in  the  molecular  form  without  separation  into  parts,  hence 
no  frw  ions  exist  in  a  sugar  solution,  and  according  to  our  theory 
ought  not  to  conduct  an  electric  current. 

The  practical  interest  is  in  the  relation  between  ionization  and 
ricrtrolysis.  I  think  it  ought  to  be  made  clear  that,  except  in  a  very 
few  ca^cs,  ionization  precedes  and  is  independent  of  electrolysis. 
Mlfftroly-.is  is  the  pRx:css  of  sorting  the  ions  to  their  respective 
pr,|('s  and  thus  making  the  separation  more  or  less  permanent.  It 
must  also  he  kc])t  in  mind  that,  while  solution  in  water,  methyl 
alcohol  and  other  M)lvents  is  the  most  common  cause  of  electrolytic 
diss(»cialion,  heat  and,  to  a  limited  extent,  electrical  energy  cause 
elrclrolytic  dis'-oriation,  as  for  example,  the  fused  hydroxfds  of 
sodinin  or  iwitassium.  Also,  ions  of  solution  may  be  formed  in 
va linns  ways.  They  may  be  the  simple  molecule  ionized  into  simple 
ions,  (*oni|)lex  ions  due  to  the  interaction  of  ions  and  ions,  or  ions 
and  niolecnU's. 

In  e(»n(hu*tin.i^^  an  electrolysis  the  question  whether  the  liberated 
pnxlnct  is  a  primary  or  secondary  product  is  important,  as  it  has 
hern  di'IcTinincd  that  metals  deposited  as  secondary  products  give 
a  liner  j^raincd,  more  compact,  durable,  and  shiny  coating  than  when 
^he  same  metal  is  dep(^sited  as  a  primary  product.     In  most  cases 
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the  current  strength  and  voltage  are  the  determining  factors.  In 
the  electrolysis  of  dilute  solutions  of  strong  acids  and  bases  it  is 
probable  that  the  hydrogen  and  oxygen  are  primary  products.  In 
the  electrolysis  with  a  weak  current  of  dilute  hydrochloric  acid  the 
products  are  hydrogen  and  oxygen  as  primary  products  due  to  the 
slight  ionization  of  water.  A  stronger  current  with  higher  voltage 
may  give  some  chlorin  as  a  primary  product  at  the  positive  pole 
due  to  the  slow  ionization  of  water  molecules,  while  with  a  weaker 
current  time  is  given  for  new  molecules  of  water  to  dissociate. 
With  concentrated  hydrochloric  acid  and  a  strong  current  hydrogen 
and  chlorin  are  evolved  as  primary  products.  In  the  electrolysis 
of  salts  of  metals  that  decompose  water,  hydrogen  and  oxygen  are 
liberated  as  primary  products  if  the  current  is  weak,  while  with  a 
stronger  current  and  higher  voltage  the  metal  is  probably  deposited 
first  and  then  reacts  with  water  forming  hydrogen  as  a  secondary 
product.  In  the  electrolysis  of  water  the  hydrogen  and  oxygen  are 
probably  primary  results.  Pure  water  has  a  very  small  con- 
ductivity ;  therefore  water  is  to  a  very  slight  extent  dissociated  into 
hydrogen  cathions  and  hydroxyl  anions.  An  acid  is  usually  added 
to  increase  the  conductivity.  The  acid,  sulphuric  for  example, 
ionizes  into  hydrogen  cathions  and  sulphate  anions.  The  cathions 
of  the  acid  migrate  toward  the  cathode,  take  the  place  of  the 
cathions  of  the  ionized  water  molecules,  which  have  given  up  their 
charge  to  the  cathode  and  separated  from  the  solution  a5  ordinary 
hydrogen.  The  sulphate  anions  migrate  toward  the  anode  to  take 
the  place  of  the  hydroxyl  anions  of  the  water  which  have  given 
up  their  charges  to  the  anode  and  reacted  with  water  to  form  water 
and  oxygen  which  is  liberated  as  a  gas.  In  the  electrolysis  of  salts 
of  the  harder  metals,  copper,  gold,  silver,  nickel  etc.,  the  anion 
usually  takes  the  same  procedure  as  the  anion  of  sulphuric  acid. 
The  metal  cathion  is  usually  deposited  as  a  primary  product  from 
simple  salts  but  as  a  secondary  product  from  double  salts,  hence  the 
use  of  double  salts  in  electroplating. 

In  every  case  of  electrolysis  a  certain  decomposition  voltage  must 
be  used  to  cause  the  ions  to  migrate  and  become  discharged.  In 
the  case  of  acids,  bases  and  salts  of  alkali  metals,  if  hydrogen  and 
oxygen  are  the  primary  results  the  decomposition  voltage  is  prac- 
tically the  same  and,  as  we  have  seen  above,  it  should  be  so  since 
it  is  really  the  decomposition  voltage  of  the  dissociated  water  mole- 
cule. In  the  case  of  salts  of  the  harder  metals  the  decomposition 
voltage  varies  with  the  cathion  and  on  this  fact  depends  the  elec- 
trolytic separation  of  metals.     If  salts  of  two  metals,  A  and  B,  are 
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in  solution  and  if  A  has  a  decomposition  voltage  of  1.7  and  B  of 
i^  then  so  long  as  the  current  has  a  voltage  more  than  1.7  and  less 
khan  i^  only  A  will  be  deposited.  After  A  is  all  deposited  the 
current  may  be  raised  a  little  over  1.8  when  B  will  deposit.  If  the 
voltage  is  more  than  1.8  in  the  first  place,  both  A  and  B  will  deposit 
simultaneously  and  in  a  proportion  controlled  by  the  current 
strength  and  composition  of  the  electrol>'te.  Advantage  is  taken 
of  this  fact  in  brass  plating,  the  cathions  being  copper  and  zinc. 
If  the  voltage  is  less  than  the  decomposition  voltage  of  that  salt 
in  the  solution  having  the  lowest  value,  the  current  will  be  inter- 
rupted, hence  it  is  evident  that  a  certain  amount  of  electrical 
energy  must  be  expended  to  cause  a  definite  migration  of  ions  and 
a  certain  potential  difference  between  the  ion  and  electrode  must 
exist  to  cause  the  ion  to  deposit  or  become  discharged. 

The  use  of  the  theory  of  ionization  in  explanation  of  the  action 
of  indicators,  neutralization  and  hydrolysis  is  important.  Litmus 
is  a  weak  acid  and  as  such  is  only  slightly,  if  at  all,  ionized  in  water. 
The  color  of  the  molecule  is  red  and  in  the  presence  of  a  solution 
of  a  strong  acid  no  ionization  of  the  litmus  takes  place  and  the 
color  of  the  mixture  of  solutions  is  red  due  to  the  red  litmus  mole- 
cule. With  a  solution  of  a  strong  base  the  weak  acid  litmus  reacts 
with  the  base  to  form  a  metal  salt  of  the  litmus,  which  dissociates 
into  the  metal  cathion  and  litmus  anion  which  is  blue.  This  re- 
action takes  place  only  if  the  metal  is  combined  originally  with  an 
hydroxyl  ion  which  unites  with  the  hydrogen  cathion  of  the  litmus 
acid  to  form  undissociated'  water  molecules.  Litmus  can  not  be 
used  to  advantage  with  weak  bases,  i.  e.  those  that  are  slightly  dis- 
sociated in  water,  because  a  salt  of  a  weak  base  would  be  formed 
with  the  litmus  which  would  hydrolize  with  water  to  produce  tho 
original  condition  again  to  a  certain  extent  and  prevent  a  sharp 
color  chanp^e.  Practically  the  same  explanation  applies  to  the  weak 
acid  j)hen()li>hthalein.  The  following  experiment  is  given  by  Jones 
to  illustrate  the  action  of  indicators.  An  alcoholic  solution  of 
phenol])hlhalein  is  colorless  since  the  molecule  is  colorless  and  is 
not  disscxiated  in  alcohol.  If  alcohol  is  in  considerable  excess  a 
few  droj)s  of  strong  ammonia  may  be  added  without  the  red  color 
of  the  anion  of  a  salt  of  plienolphthalein  being  evident.  The  ex- 
planation is  that  ammonia  is  but  slightly  dissociated  in  alcohol, 
hence  the  substances,  I  should  say,  act  as  a  weak  acid  and  base  and 
-»o  color  change  is  seen.    The  addition  of  water  will  dissociate  the 

'monium  hydroxid  when  as  a  strong  base  it  reacts  with  the  phen- 
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olphthalein  acid  to  form  a  dissociated  salt  of  phenolphthalein 
which  has  the  red  ion.  This  explanation  has  been  contested  by 
Professor  Hildebrand  of  the  University  of  Pennsylvania  in  the 
December  number,  1908,  of  the  Journal  of  the  American  Chemical 
Society,  With  sodiam  or  potassium  hydroxid  instead  of  am- 
monium hydroxid  the  color  reaction  occurs  normally  since  they  are 
dissociated  in  alcohol.  Certain  it  is  that  the  reactions  of  indicators 
are  not  well  understood  and  furnish  good  material  for  investigation. 

An  acid  may  be  defined  as  a  substance  that  ionizes  in  water  into 
an  electro-positive  hydrogen  ion  and  electro-negative  nonmetallic 
ion ;  and  not  as  some  present  day  textbooks  say  that  an  acid  is  any 
substance  whose  water  solution  gives  free  hydrogen  ions,  for  as  we 
shall  see  a  water  solution  of  copper  sulphate  gives  an  acid  reaction 
due  to  hydrolysis.  Hence,  a  distinction  should  be  made  between 
the  terms  "  acid  "  and  "  acid  reaction."  A  base  is  a  substance  that 
ionizes  in  water  into  an  electro-positive  ion  and  electro-negative 
(OH)  hydroxyl.  All  acids  in  solution  give  the  hydrogen  cathions 
and  all  bases  in  solution  give  the  hydroxyl  anions. 

Since  water  is  but  slightly  dissociated,  whenever  a  mixture  of 
solutions  is  made  so  that  free  hydrogen  ions  and  hydroxyl  ions  are 
in  the  same  solution  they  unite  to  form  molecules  of  undissociated 
water.  Hence,  we  have  the  explanation  of  neutralization;  for 
example, 

+-       +-  +- 

N.aOH  +  HCl NaCl  +  H,0  (undissociated) 

Therefore  the  heat  of  neutralization  is  really  the  heat  of  formation 
of  the  hydrogen  ion  with  an  hydroxyl  ion,  and  is  constant  for  solu- 
tions of  all  strong  acids  and  bases.  Reactions  between  weak  acids 
and  bases  depend  on  the  fact  that  the  water  molecule  is  less  strongly 
dissociated  than  the  acid  and  base  molecules;  also  the  heat  of 
neutralization  is  somewhat  less  than  that  of  strong  acids  and  bases. 
Hydrolysis,  the  reverse  of  neutralization^  depends  upon  the  fact 
that  weak  acids  and  bases  are  but  slightly  dissociated,  if  at  all,  in 
water  and  that  water  is  dissociated  to  a  slight  extent  and  may  be 
considered  either  as  a  weak  acid  or  weak  base,  HOH.  A  strong  salt 
of  a  weak  base,  for  example,  copper  sulphate,  dissociates  in  water 
into  copper  cathions  and  sulphate  anions.  If  then  there  are  a  few 
dissociated  water  molecules  we  have  also  in  solution  some  hydrogen 
cathions  and  hydroxyl  anions.  But  copper  hydroxid  is  a  weak 
base,  therefore  some  of  the  copper  cathions  unite  with  the   few 
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hydrox>'l  anions  of  the  water  to  form  undissociated  copper 
hydroxid,  thus: 

+  —         +—  + 

CuSO,  +  2HOH H.SO^  +  Cu(OH).  (undissociated) 

which  leaves  an  excess  of  a  few  hydrogen  ions  and  these  give  the 
acid  reaction.  Likewise  with  strong  sahs  of  weak  acids,  some  of 
the  anions  of  the  salt  unite  with  the  few  hydrogen  ions  of  the  dis- 
sociated water  to  form  a  few  molecules  of  undissociated  acid.  For 
example,  sodium  carbonate  is  a  strong  salt  of  the  weak  acid  car- 
bonic, and  the  reaction  may  be  represented  thus: 

+  —  + + 

Na^CO,  +  2HOH 2NaOH  +  HXO,  (undissociated) 

This  leaves  an  excess  of  a  few  hydroxyl  ions  which  give  the  alka- 
line reaction.  Copper  and  zinc  form  weak  bases;  hence,  solutions 
of  salts  of  copper  and  zinc  give  acid  instead  of  neutral  reactions. 
Sodium  carbonate  and  potassium  cyanide  form  weak  acids;  hence, 
solutions  of  their  salts  give  alkaline  reactions. 

Some  interesting  facts  in  connection  with  the  theory  of  ionization 
I  can  only  mention.  It  ought  to  be  understood  that  the  term  ioni- 
zation is  not  synonymous  with  the  term  dissociation,  but  with  the 
phrase  electrolytic  dissociation,  which  means  that  the  dissociated 
parts  are  charged,  while  the  term  dissociation  refers  to  a  separa- 
tion into  parts  that  are  not  considered  to  be  electrically  charged. 

The  electrostatic  charge  on  a  gram  equivalent  ion  is  96500 
Coulombs  and  shows  why  ions  can  not  be  separated  by  asmosis  as 
can  the  products  of  ordinary  dissociation. 

Chemical  action  seems  to  be  most  rapid  between  ions,  hence 
strong  acids,  bases  and  salts  are  more  active  chemically  than  the 
weak,  i.  e.  organic  substances.  It  is  even  claimed  and  on  good  evi- 
dence that  chemical  action  can  only  take  place  after  ionization  and 
only  so  fast  as  ions  are  formed. 

Dry  sulphur  or  phosphorus  will  not  burn  in  dry  oxygen. 

Dry  sulphuric  acid  and  hydrochloric  acid  have  no  action  on  litmus 
and  will  not  react  with  dry  carbonates. 

Dry  ammonium  gas  and  dry  hydrochloric  acid  will  not  react. 

Dry  hydrogen  and  oxygen  will  not  unite  even  at  a  temperature 
of  500°  C. 

The  catalytic  action  of  acids  in  causing  inversion  of  cane  sugar 
seems  to  be  due  only  to  the  hydrogen  ion. 

The  florescence  of  solutions  is  probably  due  to  dissociations. 

The  theory  of  ionization  is  far-reaching  and  offers  great  possi- 
bilities to  the  investigator. 
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A  METHOD  AND  APPAKATUS  FOR  DETECTING  AND 
EXHIBITING  THE  FLUORESCENCE  OF  FLUORESCENT 
SUBSTANCES 

WALLACE  GOOLO  LEVISOX,  BBOOKLYX 
Hfrz^l  w  the  atsthor's  abMmce  bj  the  chairman  of  the  section 

On  Novemfxrr  i6,  1903,  I  read  a  paper  on  "  Fluorescent  Gems '" 
ifeioTf:  the  New  York  Academy  of  Sciences  of  which  an  abstract 
with  Hcveral  mi«/juotations  and  errors  was  published  in  Science 
(n,  H.  V,  XV'III,  no.  468,  p.  789-90,  I>ec.  18,  1903]  and  a  cor- 
rected abstract  in  Annals  of  the  Sew  York  Academy  of  Science 
(v,  15,  \A  II,  p.  202-3,  Nov.  16,  1903]. 

In  that  paper  I  showed  that  many  gems  are  strongly  fluorescent 
and  that  this  profKrrty  may  enhance  or  depreciate  their  beauty  or 
eflficicncy  according  to  circumstances  therein  detailed.  Thus  in 
brief,  in  the  cajwr  of  colored  gems,  if  the  fluorescent  color  is  the 
name  as  the  natural  color  of  the  mineral  it  tends  to  enhance  its  in- 
trnnily  while  if  it  be  complementary  to  the  natural  color  of  the 
mineral  it  tends  to  extinguish  it  and  so  impair  its  beauty.  Also 
that  white  fluorescent  gems  such  as  diamonds  may  have  their 
beauty  somewhat  impaired  by  the  turbidity  or  milky  opalescence 
which  is  an  accompaniment  of  this  property.  Also  tiiat  by  means 
of  this  projHTty  or  its  absence  gems  may  be  distinguished  from 
oadi  other  and  from  their  imitations  since  the  latter  usually  differ 
from  the  gemiinc  minerals  in  their  response  to  the  exciting  rays. 
In  ('oiieliiditig  the  paper  I  suggested  that  the  results  of  the  investi- 
j^'ation  it  recor<led  indicated  the  possible  application  of  this  prop- 
erty as  a  convenient  method  of  examining  and  testing  gems. 

In  the  discussion  which  followc<l  it  was  objected  that  the  methods 
and  apparatus  then  available  for  exhibiting  fluorescence  were  so 
cumhrous  that  they  could  hardly  be  applied  in  competition  with  the 
ordinary  time-honored  method  for  distinguishing  gems  from  each 
other  and  frtkm  their  imitations. 

In  that  paper  1  did  not  refer  to  the  apparatus  I  employed  for  the 
investigation  as  it  was  the  suhject  of  an  application  for  a  patent. 
This  having  Ihhmi  issued  after  an  unavoidably  long  delay  it  is  the 
pur|H>se  of  this  paiKT  to  briefly  describe  the  apparatus  which 
ap|H\\rs  tt>  bo  sutViciently  convenient  for  practical  application,  not 
o\\\\  for  the  purpose  of  testing  gems  as  described  in  the  paper  re- 
ared to.  hut  also  as  a  laboratory  apparatus  applicable  for  other 
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purposes  as  for  distinguishing  between  dyes  in  dress  goods,  detect- 
ing adulteration  in  many  cases  as  of  mineral  in  fixed  oils, 
fluorescent  aniline  dyes  in  preserves,  and  other  commercial  products. 

This  apparatus  consists  of  a  case  somewhat  similar  to  an  X-ray 
fluorescope  and  which  serves  as  a  portable  dark  room.  It  has  a 
window  upon  one  side  covered  by  a  ray  filter  of  such  a  color  as  to 
transmit  only  pure  blue  and  some  ultra  violet  light.  An  ideal  ray 
filter  for  this  purpose  has  yet  to  be  found.  The  most  conveniently 
available  at  present  is  a  flat  bottle  or  cell  with  polished  sides  con- 
taining a  solution  of  ammonio-sulphate  of  copper.  A  section  of  the 
case  forming  a  side  extension  supports  a  lens  5  inches  in  diameter 
opposite  the  blue  ray  filter  at  a  distance  of  about  7  inches,  and  this 
lens  which  may  be  the  front  lens  of  a  triple  lantern  condenser  con- 
denses a  beam  of  parallel  rays  of  light  such  as  sunlight  or  a  beam 
of  parallel  rays  from  an  arc  light  lantern  to  a  focus  about  in  the 
middle  of  the  case  through  the  blue  ray  filter.  Opposite  the  ray 
filter  is  an  opening  provided  with  a  sleeve  of  opaque  flexible  ma- 
terial through  which  the  hand  'holding  a  specimen  to  be  examined 
may  be  inserted  and  the  specimens  held  in  the  focus  of  blue  light. 

The  specimen  is  then  observed  through  the  small  end  of  the  case 
which  is  provided  with  an  eye  shield  with  a  chenille  edging  to  ex- 
clude diffuse  light.  Within  the  eye  shield  is  a  ray  filter  or  screen 
of  a  color  which  appears  yellow  and  arrests  blue  and  violet  but  trans- 
mits red,  orange,  yellow,  yellow  green  and  green.  This  may  be 
removed  at  pleasure.  When  a  fluorescent  substance  is  held  in  the 
focus  of  blue  light  within  the  apparatus  and  its  fluorescence  thus 
excited,  it  usually  evolves  red,  orange,  yellow,  yellow  green  or 
green,  but  its  fluorescent  color  is  masked  by  the  excess  of  blue 
light  it  incidentally  reflects.  It  is  the  object  of  the  yellow  eye  screen 
to  cut  off  or  arrest  this  reflected  blue  light  but  to  transmit  the 
fluorescent  light  generated  by  the  material.  It  is  evident  that  ma- 
terials which  afford  only  a  blue  fluorescence  (excited  by  the  ultra 
violet  waves)  can  not  be  shown  with  the  blue  ray  filter  because  they 
appear  practically  black,  but  (as  the  great  majority  of  fluorescent 
materials  transform  or  step  down  the  exciting  blue,  violet  and  ultra 
violet  light  to  red,  orange,  yellow,  yellow  green,  or  green)  this  is  of 
little  consequence. 

A  blue  fluorescence  can  only  be  detected  by  examining  the  sub- 
stance in  the  upper  range  of  a  spectrum  or  in  the  light  from  a 
Geissler  tube  or  a  spark  gap  lamp  in  which  the  exciting  rays  greatly 
predominate  over  those  of  lower  refrangibility  which  tend  to  mask 
the  effect  produced. 
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To  permit  the  examination  of  such  substances  with  this  apparatus 
a  spark  gap  lamp  adapted  to  fit  in  the  place  of  the  blue  ray  filter 
may  be  provided.  Only  a  limited  number  of  fluorescent  substances 
are  excited  by  the  spark  gap  lamp.  Nearly  all  of  these  and  most  of 
the  remainder  are  excited  by  sunlight.  A  few  are  excited  by 
x-rays  and  becquerel  rays. 
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WIRELESS  TELEGRAPHY 

Lecture  and  demonstration  with  every  point   illustrated   by   apparatus 

CHAIRMAN    C.    L.    HARRINGTON,    INSTITUTE    OF    ARTS    AND    SCIENCES, 

BROOKLYN 

(Abstract) 

To  illustrate  the  kind  of  lecture  which  is  acceptable  to  the  gen- 
eral public  of  New  York  city  this  lecture  was  given  by  Charles  L. 
Harrington  by  request. 

In  discussing  wireless  telegraphy  attention  must  be  paid  to  three 
essentials  —  something  to  cause  a  wireless  wave,  something  to  trans- 
mit the  wave  and  something  to  detect  the  wave.  That  which  causes 
the  wave  is  the  oscillatory  spark  of  the  Hokz  machine,  or  of  an  in- 
duction coil  worked  in  connection  with  a  condenser.  The  spark 
causes  a  disturbance  in  the  ether.  This  disturbance  is  in  the  nature 
of  a  wave  and  the  wave  is  of  the  same  nature  as  a  light  wave. 
Some  proofs  of  this  statement  are  that  the  electro-magnetic  wave 
may  be  refracted  or  reflected  to  pass  through  solids  and  liquids 
acting  in  all  these  respects  just  as  light  waves  act.  To  prove  this 
we  pass  electro-magnetic  waves  which  are  formed  in  a  copper  box 
through  the  ether  to  a  second  copper  box  on  the  outside  of  which 
there  is  what  is  called  a  coherer.  By  interposing  glass,  water, 
leather,  wood,  bricks,  stones,  copper  sheet,  zinc  sheet  or  any  other 
solid  or  liquid  we  find  that  the  substance  which  ordinarily  trans- 
mits light  will  transmit  the  electro-magnetic  wave.  By  directing 
the  wave  away  from  the  coherer  we  may  by  means  of  a  sheet  of 
copper  reflect  the  wave  so  that  it  will  strike  the  coherer,  the  coherer 
being  in  all  these  cases  the  detector  of  the  wave.  By  throwing  the 
wave  in  such  direction  that  it  will  move  to  one  side  of  the  coherer, 
and  interposing  a  triangular  prism  of  paraffin,  the  wave  is  re- 
fracted in  csuch  directions  as  to  strike  the  coherer.  Now  all  these 
things  tend  to  prove  that  electro-magnetic  waves  are  similar  to  light 
waves.  Another  proof  of  this  similarity  is  the  interposition  of  wire 
screens  between  the  spark  gap  and  the  coherer.  If  a  wire  screen, 
with  fine  parallel  vertical  copper  wires  about  one  quarter  of  an 
inch  apart,  be  interposed  the  waves  will  pass.  If  the  screen  be 
made  of  horizontal,  instead  of  vertical  copper  wires,  the  waves  will 
pass,  but  if  two  screens  be  placed  together  so  that  the  two  sets  of 
wires  are  perpendicular  to  each  other,  thus  practically  fonning  a 
mesh,  the  waves  will  not  pass.     Now  we  know  that  light  waves  will 
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be  acted  upon  by  thin  pieces  of  tourmalin  crystals  in  exactly  tlie 
same  way. 

The  coherer  is  a  glass  tube  of  small  bore  having  a  brass  wire 
extending  into  each  end,  first  placing  in  the  center  of  the  tube  a  few 
soft  steel  filings  and  then  pushing  the  brass  wires  together  until  they 
are  about  one  sixteenth  of  an  inch  apart.  If  one  of  the  brass  wires 
be  connected  through  a  battery  with  one  pole  of  an  electric  bell. 
and  the  other  brass  wire  be  connected  with  the  second  pole  of  an 
electric  bell  no  current  will  pass  because  the  steel  filings  are  not  in 
contact,  but  whenever  a  wireless  wave  strikes  the  steel  filings  tliey 
become  magnetic,  and  then  lie  closely  enough  together  to  allow 
of  the  passage  of  the  current,  and  the  bell  will  be  rung.  On  gently 
striking  this  glass  tube  with  a  piece  of  pencil  the  steel  filings  will  be 
decohered  and  the  bell  will  of  course  stop  ringing.  Any  wireless 
wave  striking  against  this  tube  will  cause  the  action  just  mentioned. 
Putting  all  of  this  into  a  practical  form  it  is  found  that  the  wireless 
waves  may  be  carried  several  feet.  If  it  is  desired  to  cover  longer 
distances  then  one  of  the  poles  of  the  induction  coil  should  be  con- 
nected with  a  wire  mast  and  the  other  with  the  ground.  Similarly 
one  of  the  brass  wires  of  the  coherer  should  be  connected  with  a 
wire  mast  and  the  other  with  the  ground.  By  making  the  appara- 
tus of  suitable  delicacy  and  the  masts  of  sufficient  hight  and  the 
spark  of  the  coil  of  sufficient  volume  it  is  found  that  messages  may 
be  sent  to  a  distance  of  from  1500  to  2000  miles. 
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Section  B  — BIOLOGY 

DEMONSTRATION  OF  THE  WORK  ON  TYPES  IN  THE  FIRST 
YEAR    COURSE    IN    BIOLOGY 

UNDER  THE  DIRECTION  OF  W.   M.   SMALLWOOD,   SYRACUSE  UNIVERSITY 

Making  and  Use  of  Charts.     Miss  Joslyn 

Study  of  Blood.     Miss  Smith 

Injection  of  a  Frog.  Mr  Lilyestrand,  Instructor,  Syracuse 
University 

Explanation  of  Osmosis.     Miss  Smith 

Plant  Physiology  —  Root  Pressure ;  Transpiration ;  Respiration 
of  Germinating  Plants;  Connection  between  Tracheae  of  Petiole 
and  Stomata  of  Blade.     G.  A.  Bailey,  Geneseo  Normal  Schoo* 

Paramoecium  Culture.     W.  M.  Smallwood 

Stem  Sectioning.  Staining  etc.     Misses  Smith  and  Joslyn 

ROUND    TABLE    CONFERENCE    ON    THE   SUBJECT-MATTER 
OF  THE  SYLLABUS 

This  was  a  general  discussion  concerning  the  methods  of  teach- 
ing biology. 
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Section  C  — EARTH  SCIENCE 
RELATIVE  INSOLATION  DEMONSTRATION 

FRANK  L.  BRYANT,  ERASMUS  HALL  HIGH  SCHOOL,  BROOKLYN 

A  demonstration  of  the  following  proposition  was  made  by  the 
use  of  the  B-K  solar  calculator.^  By  cutting  out  cardboard  sheets 
of  different  colors,  red  to  represent  maximum  insolation,  blue,  mini- 
mum insolation  and  gray,  average  insolation  received  at  any  latitude 
and  superimposing  one  upon  any  other  the  demonstration  is  made 
evident. 

(i)  At  the  latitude  of  New  York  city,  41°  north,  about  three 
fourths  as  much  heat  is  received  for  the  year  as  at  the  equator. 
(2)  During  the  half  of  the  year  when  the  sun's  rays  are  vertical 
north  of  the  equator,  latitude  25°  north  receives  more  heat  than  the 
equator  during  that  time.  (3)  During  the  three  months  centering 
about  June  21,  latitude  41®  north  receives  more  heat  than  the  equator 
during  that  time.  (4)  During  a  period  of  about  50  days  centering 
about  June  21,  the  north  pole  receives  more  heat  than  any  other 
part  of  the  earth. 

The  long  insolation  period  in  the  higher  latitudes  more  than  off- 
sets the  smaller  angle  of  insolation. 

'  The  B-K  Solar  Calculator  is  manufactured  by  the  L.  E.  Knott  Appara- 
tus Co.,  Boston,   Mass. 
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A  DEMONSTRATION  OF  A  MAP  AND  MODELING  APPARATUS 

I.  D.  SCOTT,  UNIVERSITY  OF  MICHIGAN,  ANN  ARBOR,   MICHIGAN 

The  United  States  Geological  Survey  has  undertaken  to  survey 
the  entire  territory  of  the  United  States,  an  area  of  some  three 
million  square  miles,  and,  according  to  the  Director's  Report  for 
1909,  about  one  third  has  already  been  completed.  The  method  of 
expressing  relief  used  on  the  maps  is  the  surface  contour,  and  so, 
if  this  great  reference  library  is  to  be  at  the  command  of  the  student 
of  physiography,  it  is  absolutely  essential  that  he  have  a  proper  con- 
ception of  a  contour  in  order  to  read  and  interpret  these  maps.  The 


importance  of  these  maps  to  the  student  was  early  recognized,  and 
several  atlases  of  physiographic  types  were  issued  by  the  Survey. 
Recently  a  publication  [Professional  Paper  60]  on  "The  Interpre- 
tation of  Topographic  Maps  ''  has  appeared. 

In  shaping  the  laboratory  work  for  the  classes  in  elementary 
geology  and  physiography  it  was  thought  that,  if  the  student  could 
actually  make  a  map  with  simple  apparatus,  using  the  same  general 
methods  that  hold  in  field  work,  and  then  check  the  contours  by 
water  levels,  he  would  not  only  get  an  adequate  conception  of  con- 
tours but  also  of  scale  and  some  idea  of  the  methods  used  in  map 
making  —  a  process  the  essentials  of  which  many  teachers  do  not 
know. 

The  following  apparatus  [sec  cut  above]  was  devised brj  "?\o^,^  .^^?^* 
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Hobbs.*  It  consists  of  a  galvanized  iron  tank  12  inches  square  and 
5  inches  deep  with  a  flange  around  the  top.  Near  the  bottom  is  a 
faucet  by  which  water  may  be  drawn  off  to  within  J4  inch  of 
the  bottom.  Any  required  depth  may  be  obtained  from  a  vertical 
scale  on  the  inside  of  the  tank.  On  the  two  opposite  flanges  at  the 
top  are  fitted  scales  graduated  to  quarter  inches  upon  which  rest  the 
sliding  track  and  altitude  gage. 

The  sliding  track  consists  of  two  square  brass  rods  one  fourth 
inch  in  cross  section  held  at  the  ends  ]/\  inch  apart,  so  that  there  is 
a  free  sliding  space  between  them  the  full  length  of  the  tank.  This 
track  projects  over  the  outer  edges  of  the  flange  and  may  be 
clamped  by  a  thumb  screw  in  any  desired  position,  provided  it  be 
kept  parallel  to  the  other  sides  of  the  tank.  The  sliding  track  is 
also  graduated  to  quarter  inches. 

In  the  space  between  the  rods  of  the  sliding  track  is  fitted  the 
altitude  gage,  which  consists  of  a  slide  and  a  rod.  The  rod  is  held 
in  position  by  a  spring  clamp  and  is  graduated  to  quarter  inches, 
but  here  the  unit  is  J/^  inch  instead  of  i  inch,  making  the  natural 
contour  interval  >i  inch. 

By  means  of  the  scales  on  the  tank  and  on  the  sliding  track  any 
point  on  a  model  within  the  tank  may  be  located  and  its  altitude 
above  the  bottom  of  the  tank  taken  with  the  altitude  gage.  It  would 
probably  be  advantageous  with  younger  pupils  to  make  the  process 
somewhat  mechanical  by  having  them  take  altitudes  at  stated  inter- 
vals, but  always  keeping  in  mind  that  the  more  irregular  the  sur- 
face, the  greater  is  the  number  of  readings  necessary.  To  illus- 
trate, set  the  sliding  track  successively  at  intervals  of  r  inch  along 
the  flange,  and  at  each  interval  take  readings  across  the  model. 
Here  the  frequency  of  the  readings  would  depend  on  the  charactc 
of  the  surface  covered  —  even  slopes  and  flat  surfaces  requiring 
less  frequent  readings  than  the  steeper  and  more  uneven  surfaces. 
If  the  summits  of  hills  and  lowest  points  of  depressions  are  not 
included,  it  should  be  set  for  each  of  these  separately. 

By  taking  altitudes  over  the  entire  model  and  plotting  them 
directly  on  cross  section  paper,  the  data  are  at  hand  for  drawing  the 
contours.  These  are  drawn  by  approximation  where  the  actual 
Iii^dits  of  the  contours  do  not  appear.  It  is  advisable  to  make  the 
map  smaller  than  the  model  thus  bringing  in  the  scale. 

Many  will  feel  that  the  time  required,  about  three  hours,  can 
not  well  be  afforded  for  a  single  exercise  in  a  course  already  well 

^  See  Journal  of  Geography,  v.  VII,  no.  5,   January  1909. 
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filled.  Nevertheless  we  feel  that  the  interpretation  of  topographic 
maps  should  form  the  basis  of  a  large  part  of  the  laboratory  work 
in  physical  geography.  Facility  in  map  reading  is  largely  a  matter 
of  practice,  and  the  more  quickly  and  thoroughly  the  technic  is 
mastered  the  sooner  will  the  pupil  get  to  the  real  purpose  of  the 
study,  the  interpretation  of  maps.  It  is  our  experience  that  this 
exercise  gains  time  in  the  end  and  we  feel  that  it  may  profitably 
be  used  in  secondary  schools. 
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GENERAL  MEETING 

The  meeting  was  called  to  order  by  Pres.  O.  C.  Kenyon,  who 
spoke  as  follows: 

I  wish  to  thank  Principal  Hodge  for  consenting  to  this  meeting, 
and  to  say  that  the  Science  Association  feels  highly  honored  in 
holding  a  joint  session  with  the  Associated  Academic  Principals  for 
the  discussion  of  subjects  of  especial  interest  to  us. 

No  other  class  of  teachers  except  that  of  manual  training  is  so 
dependent  as  we  upon  proper  conditions  and  material  equipment. 
Without  sufficient  apparatus  and  supplies,  without  ample  time  for 
laboratory  work,  sufficiently  small  classes  and  not  many  of  them, 
we  can  not  hope  to  obtain  results  equal  to  those  of  other  teachers. 
This  is  because  of  our  especial  aim  and  duty,  as  I  understand  it, 
which  is  to  bring  every  pupil  into  direct  contact  with  the  thing  itself 
that  he  is  studying;  then,  to  know  that  he  observes  for  himself,  in- 
fers from  his  own  observations,  and  expresses  himself,  with  a  fair 
degree  of  accuracy  and  clearness.  These  results,  owing  to  the  fact 
that  no  two  objects  in  nature  —  no  two  combinations  of  conditions  or 
circumstances  —  and  hardly  any  two  pieces  of  apparatus,  are  exactly 
alike,  can  be  secured  only  by  individual  laboratory  teaching;  and 
the  farther  we  depart  from  strictly  individual  methods,  the  less  we 
know,  speaking  from  the  science  teacher's  special  viewpoint,  what 
the  results  are. 

Some  of  the  effects  may  be  valuable,  but  if  the  pupil  has,  by  his 
laboratory  training,  learned  to  look  lightly  upon  the  facts,  or  to 
accept  his  facts  from  his  neighbor,  or  worst  of  all,  to  alter  his  ob- 
servations to  agree  with  the  conclusion  as  he  knows  it  should  be, 
then  the  result  for  that  pupil  is  deplorable,  and  he  might  much  bet- 
ter have  oiniltcd  his  laboratory  work.  But  the  time  required  for 
this  careful  individual  instruction,  and  for  keeping  a  laboratory  in 
good  working  order  for  it,  is  much  greater  than  is  understood  by 
those  who  have  not  done  exactly  these  things. 

For  the  Science  Association,  I  may  say  that  from  the  beginning 
it  has  favored  thorough,  honest,  individual  laboratory  methods,  and 
has  sought,  in  various  ways,  to  extend  this  method  throughout  the 
State.  We  are  aware  that  our  best  friends  and  advisers  are,  for 
different  reasons,  the  college  faculties  in  science,  the  principals  of 
our  schools,  and  the  Education  Department  of  the  State,  representa- 
tives of  all  of  whom  we  have  here  today.  They  will  no  doubt  give 
us  good  suggestions  as  to  how  to  improve  our  science  teaching. 
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EQUIPMENT,    CONDITIONS    AND     METHODS    IN     SCIENCE 
TEACHING  IN  SECONDARY  SCHOOLS 

PRIN.  CHARLES   F.   HARPER,  CENTRAL  HIGH   SCHOOL,  SYRACUSE 

(The  secretary  was  unable  to  obtain  a  copy  of  this  paper.) 

The  paper  was  discussed  briefly  by  Frank  Rollins,  Second 
Assistant  Commissioner  of  Education,  Albany,  N.  Y.,  and  by 
Howard  Lyon,  Oneonta  Normal  School. 

Mr  Lyon  said  in  part  —  I  have  been  much  interested  in  the  paper 
presented  this  afternoon.  I  am  led  to  make  a  plea  for  the  teacher 
of  science  that  consideration  may  be  shown  him  because  of  the 
exaction  upon  his  time  and  energy.  Much  time  is  required  for  the 
preparation  of  classroom  experiments  and  for  trying  out  the  ex- 
periments which  students  are  to  perform  that  the  teacher  may 
know  what  degree  of  accuracy  to  expect.  Besides  the  work  in- 
volved in  the  adjustment  and  repair  of  apparatus  and  laboratory 
supervision,  the  teacher  of  science  must  give  as  much  time  as  the 
teacher  of  any  other  department  to  the  work  of  review  of  books 
and  papers. 

I  have  in  mind  a  so  called  teacher  of  science  in  a  high  school  in 
this  State  who  teaches  three  classes  in  English  and  two  in  history 
besides  the  classes  in  physics  and  biology.  An  impulse  to  be  faith- 
ful on  the  part  of  such  a  teacher  must  be  a  source  of  torment,  for 
she  must  constantly  feel  the  insufficiency  of  attention  to  the  detail 
of  her  work  especially  as  applied  to  science.  With  reasonable  allot- 
ment of  time  and  with  an  equipment  consisting  of  some  standard 
instruments  and  further  of  materials  and  tools,  the  teacher  of 
physics  may  add  materially  to  his  laboratory  outfit  of  useful  appli- 
ances. To  illustrate,  I  have  found  that  a  barometer  which  I  have 
been  able  to  construct  with  60  cents  worth  of  materials  exceeds  in 
accuracy  a  standard  instrument  for  which  our  school  paid  $30. 

It  has  seemed  to  me,  as  I  have  observed  the  results  of  science 
teaching,  that  there  has  been  lacking  in  that  particular  field  of  study 
in  our  schools  what  I  may  call  a  spirit  of  fortitude  both  on  the 
part  of  students  in  undertaking  such  study,  and  on  the  part  of  prin- 
cipals in  providing  for  such  work.  Students  enter  the  normal 
school  with  conditions,  largely  in  science.  Such  students  avoided 
as  far  as  possible  in  the  high  school  science  subjects  and  in  our 
school  still  feel  that  there  must  be  some  other  way  to  graduation 
than  by  the  mastery  of  science  work. 
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It  has  been  my  pleasure  to  see  numberless  cases  of  inapt  student; 
of  science,  when  held  rigidly  to  requirements,  take  hold  of  the  work 
and  make  a  marked  success,  in  fact,  become  the  best  students  of  the 
class.  There  has  come  with  such  mastery  an  entire  change  in  the 
individual,  a  look  of  confidence  and  spirit  and  a  brightening  of  eye 
which  attends  success  in  life  in  general. 

As  science  presents  rather  unusual  difficulties,  it  seems  to  me  that 
a  spirit  of  firmness  in  the  matter  of  holding  students  to  science  work 
on  the  part  of  principals  of  secondary  schools  might  result  in  a  far 
stronger  body  of  graduates,  and  a  better  preparation  for  life's  work 
in  any  field. 
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Wednesday  morning,  December  30 

Section  A  — PHYSICS  AND  CHEMISTRY 

THE   CHEMIST  VERSUS  THE  TRAINED   WORKMAN 

R.   LIVINGSTON  FERNBACH,  BROOKLYN 

Science  Teachers  of  the  Empire  State:  You  are  assembled  in 
annual  conclave  for  the  interchange  and  comparison  of  ideas  rela- 
tive to  the  scientific  instruction  of  tl\e  youth  of  the  State.  Re- 
sponsible in  large  measure  for  the  stimulation  and  direction  of  the 
effort  of  our  future  citizens,  not  only  in  training  them  in  the  way 
they  should  go  as  citizens,  but,  in  many  instances  laying  the  founda- 
tion for  a  future  calling  and  life  work,  yours  is  indeed  no  sinecure. 
As  members  of  the  aristocracy  of  intellect,  the  sole  aristocracy  to 
which  the  rightly  guided  youth  of  this  nation  should  aspire,  to 
those  who  come  under  your  instruction  you  constitute  the  highest 
court  of  appeal.  Your  dicta  are  the  foundation  stones  of  the  in- 
tellectual structure.  "As  the  twig  is  bent,  so  is  the  tree  inclined." 
How  bitter,  then,  that  the  structure,  erected  by  you  with  infinite 
patience,  must  in  after  years  be  razed  to  the  ground  and  the  contour 
of  each  stone  of  theory  be  modified  in  the  light  of  practice. 

The  trend  of  the  times  is  toward  educational  anarchy.  We  are 
about  to  experience  a  reversion  to  old  methods  and  old  standards. 
Today,  our  educational  institutions  fail  of  their  very  function. 
They  do  not  educate.  They  simply  teach.  They  do  not  give  that 
severe  abstract  mental  training  which  of  itself  is  sufficient  for  the 
intelligent  acquirement  of  further  learning.  They  merely  inculcate 
that  little  knowledge  which  is  a  dangerous  thing.  The  principle  of 
the  church  sociable  is  adopted.  A  veritable  hodgepodge  of  subjects 
is  carefully  concealed  in  a  bag.  Let  the  student  shut  his  eyes, 
thrust  in  his  arm  and  consider  at  leisure  what  he  has  drawn.  First 
prize?  Truly,  the  young  man  was  gifted  with  discernment  beyond 
his  years!  Booby?  Then  did  the  young  man  fail  to  take  proper 
advantage  of  his  educational  opportunities:  nothing  left  to  the 
imagination;  nothing  to  the  natural  elements  of  virgin  mental  soil! 

If  this  condition  obtain  in  our  universities,  the  highest  courts  of 
learning,  what  shall  we  say  of  our  secondary  schools  which  today 
have  lost  sight  entirely  of  their  proper  functions  and  more  and 
more  usurp  the  scope  of  the  university.  -¥es,  I  know  what  you 
would  say.  "  Many  a  youth  can  go  only  through  the  high  school. 
The  doors  of  the  university  are  barred  to  him  for  salient  reasons. 
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Accordingly,  we  must  teach  hbfi  as  much  as  possible  in  the  high 
school."  You  stand  condemned  because  of  this  very  altmi^j. 
If  the  development  of  the  student  in  the  scondary  school,  if  his 
apperception  be  sufficiently  keen  for  the  inculcation  of  a  smattering 
of  a  multitude  of  subjects,  what  need  of  the  university?  WTiy  not 
merely  the  primary  and  then  the  secondary  school? 

A  great  man  has  said,  "  The  well  educated  man  knows  something 
of  everything  and  everything  of  something."  Impressed  with  the 
neatness  of  the  epigram,  we  proceed  to  teach  something  of  every- 
thing but,  alas !  not  everything  of  something.  Hark  now  to  the  cry 
of  the  opposition !  "  To  teach  a  man  everything  of  something  is  to 
make  him  weak,  one-sided,  special.  You  bar  him  from  intelligent 
intercourse  with  his  fellows."  It  is  a  far  cry,  ladies  and  gentlemen, 
from  pedagogy  to  household  furniture.  Apologizing  ior  the  di- 
gression, I  would  ask  you  to  picture  in  your  mind's  eye  the  heir- 
loom, the  sturdy  piece  of  mahogany.  Homely,  I  grant  you,  but 
genuine,  solid,  true.  No  bright  polish  characterizes  iL  Yet  i- 
there  a  place  in  the  household  where  it  will  not  accord  with 
esthetic  fitness?  Contrast  with  this  the  modem  piece  of  furniture. 
At  heart,  white  pine,  a  worthy  wood  of  its  humble  class.  On  its 
surface,  a  deep  red  stain,  partly  hidden  by  a  brilliant  veneer.  Time 
must  dull  this,  revealing  the  crude  wood  beneath.  The  marks  of 
age  serve  but  to  enhance  the  beauty  of  the  genuine  mahogany.  In 
the  old  mahogany  you  have  the  product  of  old  educational  methods ; 
in  the  imitation,  the  product  of  present  systems. 

What  has  this  to  do,  you  ask,  with  the  chemist  as  against  the 
trained  workman?  Have  we  come  here  to  listen  to  an  uncalled  for 
arraignment  of  our  methods,  methods  which  receive  the  sanction 
of  tlie  greatest  exponents  of  pedagogy?  I  pray  you  be  patient. 
A  little  more,  and  I  come  to  the  crux  of  my  thesis.  I  repeat  that 
we  have  lost  sight  of  the  true  function  of  school  training,  which 
is  to  teach  the  young  how  to  think,  and  not  to  crowd  the  youthful 
mind  with  a  multitude  of  facts  to  be  retained  parrot-wise.  To  this 
end  we  select  subjects,  the  laws  of  which  are  eternal  and  immutable, 
not  arbitrary  —  mathematics,  for  example,  and  languages.  Give  a 
boy  of  ten  a  working  knowledge  of  Latin  and  you  have  trained  his 
miiul  to  a  flattering  degree  of  receptiveness  for  other  material,  the 
inculcation  of  which  may  draw  somewhat  upon  his  imagination. 
The  boy  starts  in  the  primary  school.  By  the  time  he  reaches  the 
secondary  or  high  school,  we  can  justly  extend  the  material  for 
mental  training.     Thus,  we  teach  the  higher  mathematics;  we  ex- 
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tend  the  scx>pe  of  language  courses.  The  teaching  of  science  in 
any  shape,  form  or  degree  in  our  high  schools,  except  so  far  as  con- 
cerns an  elementary  exposition  of  principles,  is  to  my  mind  the 
greatest  farce  in  existence,  for  the  reason  that  science  is  not  exact ; 
it  is  empirical.  Like  a  railway  time  table,  it  is  subject  to  change 
without  notice.  Teaching  science  does  not  train  the  mind.  It? 
proper  inculcation  presupposes  an  already  trained  mentality.  I  am 
aware  that  my  views  on  the  teaching  of  science  in  secondary  schools 
do  not  carry  the  weight  of  authority.  Those  whose  word  is  law  in 
these  matters  have  decreed  tlie  teaching  of  chemistry  and  physics 
to  youths  with  half  baked  mentality.  I  would  urge  one  plea,  how- 
ever. If  you  must  be  unwilling  participants  in  what  is  nothing 
more  or  less  than  a  confidence  game,  at  least  do  not  carry  your 
crime  to  the  extent  of  telling  those  under  your  charge  that  what  you 
are  teaching  them  will  qualify  them  to  go  out  into  the  worid  and 
distinguish  themselves.  Such  is  far  from  the  truth;  the  greater 
probability  is  that  you  merely  qualify  them  to  go  out  in  the  world 
and  extinguish  themselves.  I  myself  am  the  product  of  the  school, 
the  college  and  the  university.  My  experience,  which  is  the  ex- 
perience of  thousands,  has  taught  me  that,  in  order  to  convert  what 
I  learned  at  school  into  a  means  of  livelihood  I  had  to  forget  it  and 
learn  anew  in  the  light  of  practice.  To  illustrate  my  exact  mean- 
ing, I  have  chosen  the  theme  of  the  chemist  versus  the  skilled  work- 
man—  rule  of  thumb  versus  science. 

In  the  development  of  any  science,  we  are  prone  to  commit  the 
glaring  logical  fallacy  of  post  hoc,  ergo  propter  hoc.  We  fail  to 
realize  that  the  scientific  syllogism  is  in  reality  an  argument,  not 
from  premises  to  conclusion,  but  from  conclusion  to  premises.  We 
argue  that  all  practice  must  have  a  scientific  foundation.  We  forget 
that  our  true  scientific  foundation  is  possible  only  because  of  prac- 
tice. The  great  Newton  argued  that  there  must  be  a  law  of  grav- 
itation and  that,  because  of  this  law,  things  must  fall  to  earth.  He 
did  not,  after  formulating  an  abstract  theory,  go  outdoors  and  see 
if  things  fell  in  accordance  with  his  theory  and  then  quarrel  with 
them  and  impugn  the  entire  scheme  of  nature  because  they  did  not. 
He  observed,  first,  that  things  were  prone  to  fall  to  earth  unless 
securely  supported,  all  this  assuming  that  they  were  heavier  than 
air.  He  then  proceeded  to  enunciate  his  immortal  theory.  He 
committed  no  fallacies  of  argument.  It  is  narrated  that,  as  a  boy, 
he  experimented  with  an  earthenware  basin,  resting  this  on  the 
flimsy  support  of  the  atmosphere  of  an  English  spring  evening, 
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leaning  from  a  third  story  window  the  while.  The  inevitable  hap- 
pened. Discovered  in  the  act  of  gathering  up  the  fragments,  tlie 
application  of  the  maternal  slipper  speedily  followed.  In  the  light 
of  modern  science,  he  would  have  be^n  justified  in  believing  that 
his  experiment  embodied  no  lesson  other  than  the  fact  that  a  spank- 
ing and  a  broken  basin  were  closely  interlinked.  Post  hoc,  ergo 
propter  hoc.  He  might  have  gone  further  and  experimented  with  a 
second  basin  and,  because  a  second  chastisement  did  not  follow, 
quarrel  with  this  fact  rather  than  alter  his  thecr>'. 

We  take  a  student  at  the  university  or  even  at  the  high  school 
and  we  say  to  him,  "  These  are  the  laws  of  chemistry  and  physics. 
Upon  these  are  dependent  certain  everyday  phenomena.  Upon 
their  extension  depend  the  great  manufacturing  processes.  G>mmit 
these  principles  faithfully  to  memory.  You  are  then  qualified  to  go 
forth  and  achieve.  Because  of  your  faithful  attention  to  our 
teachings  you  have  the  advantage  of  your  untrained  brother  in  that 
you  are  prepared  to  act  in  any  emergency.  You  are  armed  with 
the  invincible  weapon  of  scientific  knowledge." 

What  rank  hypocrites  we  are!  We  do  not  say  to  the  student, 
these  are  but  theories.  Many  phenomena  are  satisfactorily  ex- 
plained through  them,  but  many  remain  unexplained.  Chemistry 
is  not  an  exact  science,  far  from  it.  Its  whole  system  is  arbitrary 
and  may  be  changed  any  day  in  the  light  of  further  experience.  All 
we  can  do  and  have  done  is  to  give  you  a  comprehensive  idea 
of  how  these  things  might  be  accounted  for.  Just  as  it  is  possible 
for  the  musician  to  give  more  than  one  interpretation  to  a  sonata 
or  a  symphony,  so  is  it  possible  to  interpret  scientific  data  in  more 
than  one  way. 

Accordingly,  our  student  goes  forth  with  the  idea  that  he  is  equal 
to  any  occasion;  that  all  he  has  to  do  is  to  apply  his  theoretical 
training.  He  has  reached  the  stage  when  he  must  convert  his 
"  knowledge  *' —  God  save  the  mark !  —  into  the  wherewithal  to 
live,  into  bread  and  butter.  He  seeks  a  position  in  which  he  hopes 
to  apply  his  learning.  What  does  he  learn  ?  First,  that  his  services 
are  commercially  worth  less  than  those  of  an  ignorant  bricklayer, 
because  they  are  not  practical.  Second,  that  the  man  who  has  never 
been  to  college,  but  who  began  practical  work  at  an  early  age  is 
now  occuping  a  position  with  emoluments  beyond  the  reach  of  our 
college  bred  youth,  until  he  has  spent  a  longer  term  of  years  than 
he  gave  to  the  acquirement  of  theory,  to  the  acquirement  of  useful, 
practical  knowledge. 

Now,  your  trained  workman,  uneducated,  but  drawing  better  pay 
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than  your  chemist  can  hope  to  draw  for  many  years,  is  burdened 
with  no  nice  theoretical  arguments  or  distinctions.  He  regards 
only  the  evidence  of  his  eyes.  He  knows  how  to  produce  a  de- 
sired result,  albeit  ignorant  of  why  certain  procedure  results  in  thi^ 
particular  way.  He  has  never  dreamed  of  the  periodic  recurrence 
of  the  elements,  of  the  laws  of  Boyle  and  Mariott,  of  the  ionic 
dissociation  of  the  elements.  Despite  all  this,  to  use  a  vulgarism, 
he  can  deliver  the  goods.  And  that  is  what  his  employer  is  con- 
cerned with.  What  cares  the  average  hard  headed  man  of  business 
save  for  results,  practical  results? 

Now,  mark  you,  Ladies  and  Gentlemen !  Our  educational  sys- 
tem of  today  is  the  result  of  a  desire  to  inculcate  that  which  will  be 
of  some  practical  service  to  the  student  in  his  battle  for  existence. 
In  the  endeavor  to  assist  him  to  a  means  of  livelihood,  you  have 
no  time  for  the  homely  essentials  which  characterize  our  genuine 
mahogany.  In  order  that  he  may  appear,  at  least,  to  be  a  finished 
product,  you  dip  the  student  into  a  tub  of  stain  and  then  polish 
him  off  with  a  cloth  until  he  shines.  Every  June  you  clap  your 
hands  in  glee  and  exclaim  proudly,  "  Behold  the  aggregation  of 
brilliance!"  Comes  the  skeptic  with  the  query,  "  Will  they  wear?" 
But  you  are  so  busy  preparing  another  batch  of  half  grown  human- 
ity for  the  dipping  that  you  have  no  time  to  answer. 

Do  not  say  in  your  pride  that,  had  it  not  been  for  scientific  train- 
ing, none  of  the  great  discoveries,  characterizing  epochs  in  our  in- 
dustrial development  could  ever  have  been  made.  That  is  non- 
sense. All  of  our  great  discoveries  have  resulted  from  very  acci- 
dent. Perkin  discovered  his  Mauve  accidentally.  He  was  trying 
to  synthesize  quinine.  As  a  result  of  this  accident  we  have  the 
great  aniline  industry.  Goodyear,  seeking  to  vulcanize  rubber,  acci- 
dentally upset  some  sulphur  into  an  experimental  batch.  He  left 
the  laboratory  in  disgust  only  to  return  next  mornmg  to  learn  that 
accident  had  done  what  years  of  research  had  failed  to  do.  Sc) 
with  the  discovery  of  sacharrin,  etc. 

I  well  know  that  the  school  and  the  university  can  not  become 
factories  illustrative  of  the  many  industries  for  the  special  train- 
ing of  students ;  that,  at  b^st,  you  can  merely  lay  a  scientific  foun- 
dation. Your  whole  foundation  is  false,  however,  because  your 
premises  are  radically  wrong.  The  high  schools  today,  because  of 
abortive  methods  of  teaching  science,  because  of  the  fact  that  to 
propound  scientific  theory  to  the  mentally  immature  is  literally  to 
cast  pearls  before  swine,  are  responsible  for  the  horde  of  wage 
seekers  in  specialized  callings  who  are  neither  flesh  nor  {ohiV  xis^x 
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good  red  herring.  The  absurdity  of  sending  out  youths  crammed 
with  a  false  notion  of  dissociation  who  can  not  write  intelligent 
English!  If  I  had  my  way,  chemistry  would  form  no  part  of  the 
high  school  curriculum.  Physics?  Yes.  For  here  we  have  some- 
thing tangible  for  the  embryo  mind  to  grasp  and  assimilate.  Prin- 
ciples which  are,  in  a  sense,  exact.  Principles  which  admit  of  a 
mathematical  interpretation.  Principles  which  admit  of  a  satis- 
factory and  concrete  illustration.  But  as  for  chemistry,  as  she  is 
taught  in  our  high  schools  and  many  of  our  colleges,  ye  gods! 

Teachers,  do  you  not  realize  that  chemistry  is  like  law  in  that  its 
principles  are  purely  arbitrary  and  depend  for  successful  applica- 
tion upon  their  proper  interpretation  ?  Do  you  not  realize  the  futil- 
ity of  telling  your  students  that,  because  they  have  listened  to  you 
for  three  or  four  years,  they  are  not  chemists?  Analysts,  mere 
mechanical  analysts  they  may  be.  Chemists,  never,  unless  they 
possess  the  Heaven-sent  faculty  of  interpretation.  I  have  taught 
boys  of  16,  who  have  never  gone  beyond  the  grammar  school,  to  be- 
come expert  analysts.  I  could  not  hope  to  teach  them  to  become 
chemists.     You  must  not  discount  the  personal  equation. 

While  our  industrial  schools,  on  the  one  hand,  are  turning  out 
specialists  without  a  general  education,  our  high  schools  are  turn- 
ing out  incompetents.  Johnnie  can  not  do  a  sum  in  algebra  but  he 
can  talk  profusely  if  inaccurately  on  the  Silurian  age.  He  has  a 
vague  notion  that  Milton  played  on  a  winning  baseball  team  but  he 
surely  can  sew  buttons  and  do  tatting. 

Shoemaker,  stick  to  your  last.  If  you  will  concern  yourselves 
with  giving  a  purely  general  groundwork  with  a  view  to  teaching 
the  young  idea  to  think  properly,  let  nature  and  the  university  du 
•  the  rest.  When  you  let  a  boy  go  from  the  high  school  with  the 
idea  that  he  knows  enough  chemistry  to  do  without  the  need  of 
further  special  training  and  that  all  he  has  to  do  to  win  fame  and 
fortune  is  to  apply  what  you  have  taught  him,  you  are  guilty  of  a 
crime  and  nothing  less.  When  a  university  or  college  lets  it? 
graduates  depart  with  the  same  notion,  having  accepted  fees  for 
four  years,  it  is  guilty  of  taking-  money  under  false  pretenses.  That 
very  boy  or  young  man  will  soon  appreciate  the  scurvy  trick  that 
you  have  played  him,  and  when  the  time  comes  for  his  hopeful  off- 
spring to  broach  ideas  of  a  higher  education,  he  will  say  him  nay 
in  the  light  of  mature  experience.  He  will  point  to  the  various 
school  curricula  and  say  "  My  son,  to  you  this  means  the  acme  of 
opportunity.  To  me  it  is  bunco.  To  you,  you  have  but  to  enter 
the  portals  to  be  the  recipient  of  intellectual  alms.  Be  warned. 
'  Beware  false  Greeks  bearing  gifts.' " 
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DEMONSTRATION  OF  PHYSICAL  APPARATUS 

CHARLES   FORBES,   COLUMBIA   UNIVERSITY,   NEW   YORK 

After  an  experience  of  many  years  in  the  teaching  of  physics  I 
have  arrived  at  certain  conckisions,  which  may  be  best  presented 
in  answers  to  the  following  questions: 

1  Where  in  the  curriculum  of  scientific  study  does  that  of  physics 
belong? 

2  How  should  the  subject  be  taught  to  arouse  enthusiasm  and 
secure  practical  benefits? 

3. How  should  recitations,  written  reviews  and  examinations  be 
conducted  ? 

4  What  amount  of  time  should  be  devoted  to  laboratory  work 
and  what  should  be  the  nature  of  the  work? 

5  Of  what  use  are  practical  problems  and  to  what  extent  are 
they  to  be  employed? 

6  What  has  been  the  occasion  of  the  decline  in  interest  in  the 
study  of  physics  and  what  can  be  done  for  its  revival? 

In  answer  to  the  first  question:  Where  in  the  curriculum  of 
scientific  study  does  that  of  physics  belong?  In  this  curriculum 
are  included  physics,  chemistry,  physiology  and  hygiene,  botany, 
zoolog>^  geology,  physical  geography  and  astronomy.  Physics  and 
chemistry  are  the  foundation  studies  on  which  the  remaining  sub- 
jects are  to  be  built  as  the  superstructure.  Such  an  arrangement 
will  economize  the  time  of  the  students  and  the  teacher.  As  an 
illustration,  I  would  call  your  attention  to  the  study  of  human 
physiology.  This  subject  treats  of  the  functions  of  the  organs  of 
the  human  body.  The  organs  of  locomotion,  the  bones  with  their 
associated  muscles,  are  beautiful  examples  of  the  action  of  levers. 
The  process  of  respiration  is  mechanical  and  chemical.  The  com- 
position of  the  food  implies  a  knowledge  of  chemistry.  The 
processes  of  mastication,  digestion,  assimiliation,  secretion  and  ex- 
cretion are  not  clearly  understood  without  an  elementary  knowl- 
edge of  these  foundation  subjects.  An  understanding  of  the  action 
of  the  nervous  system  and  nerve  centers  is  greatly  aided  by  a 
knowledge  of  electrical  analogies.  The  structure  and  function  of 
th€  eye  are  understood  more  clearly  if  the  student  has  a  knowledge 
of  the  subject  of  light  and  the  action  of  lenses.  The  proper  under- 
standing of  the  sense  of  hearing  implies  a  knowledge  of  the  sub- 
ject of  sound.     Nothwithstanding  these  facts,  physiology  is  often 
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the  first  of  the  sciences  to  be  taught.  As  tangfat  in  tbc  dementary 
schools,  with  relation  to  hygiene  and  the  deleterious  influences  of 
stimulants  and  narcotics  we  are  all  doubtless  in  accord.  When 
howeier  the  subject  is  taken  up  in  the  high  school  it  should  be 
from  the  scientific  standpoint.  This  is  impossible  without  a  knowl- 
erige  of  physics  and  chemistr\-.  In  like  manner  it  may  be  clearly 
shown  that  in  the  teaching  and  the  acquiring  of  the  other  sciences 
that  physics  and  chemistry  are  the  foundation  sciences. 

Of  the  two  sciences.  ph\'sics  and  chemistr>%  which  should  be 
studied  first?  The  study  of  physics  taxes  the  mental  faculties, 
memor>',  reas^^^n  and  judgment;  while  that  of  chemistry  largely  the 
power  of  memory.  For  this  fact  chemistr>'  may  be  regarded  as  the 
easier  study.  On  the  other  hand,  physics  treats  of  phenomena  that 
are  usually  apparent  and  chemistr>-  of  those  more  obscure.  Taking 
all  things  into  consideration  it  has  been  my  custom  to  place  physics 
first  in  the  order  of  study.  This  I  did  for  a  period  of  i8  years 
in  the  schools  in  which  I  had  supervision  of  the  scientific 
department. 

The  pupils  entering  the  high  school  have  a  knowledge  of  mathe- 
matics and  sufficient  maturity  of  mind  to  take  up  the  study  under- 
.standingly.  The  following  has  been  found  to  be  a  successful  order 
in  the  arrangement  of  the  sciences  of  the  high  school  curriculum 
—  physics,  chemistry,  physiology  and  hygiene,  botany,  zoology, 
physical  geography,  geology  and  astronomy.  The  intellectual  mo- 
mentum acquired  by  the  students  in  this  order  will  carry  them 
onward  from  subject  to  subject. 

.Scconfl  (luestion  :  How  should  physics  be  taught,  to  arouse  enthu- 
siasm and  secure  practical  benefits?  It  is  of  fundamental  impor- 
tance that  the  economical  use  of  the  time  of  the  students  be  taken 
into  account,  consistent  with  their  health  and  mental  well  being. 
This  is  accomplished  by  the  teacher  being  the  first  and  real  in- 
structor. The  following  is  an  outline  of  procedure  that  I  have 
found  most  interesting  and  profitable  to  the  students:  Select  a 
good  textbook;  follow  the  order  of  topics  as  a  rule;  assign  no  les- 
sons to  ]k  learned  in  advance  of  the  teacher's  instruction;  the 
students  get  their  information,  first-hand,  from  the  teacher  who 
clearly  explains  and  fully  experimentally  illustrates  the  topics  under 
consideration  not  in  formal  lectures  but  in  plain  descriptive 
language  setting  forth  facts  from  which  the  students  may  deduce 
fundamental  principles  and  laws.  It  is  always  of  interest  to  them 
to  be  placed  in  the  position  of  original  investigators  so  far  as  is 
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possible.  It  is  a  good  plan  not  to  tell  them  anything  that  they 
ought  to  deduce  from  what  they  have  heard  and  seen  as  presented 
by  their  instructor.  As  a  rule  by  this  method  the  students  learn 
their  lessons  in  the  classroom  and  but  little  time  has  to  be  devoted 
to  the  textbook  for  the  recitation  that  is  to  follow  the  next  day. 
It  is  an  old  familiar  maxim  that  "  there  is  no  royal  road  to  learn- 
ing." It  is  not  necessary  however  that  the  road  should  be  a 
cobblestone  pavement.  Here  is  an  opportunity  to  make  it  a  beauti- 
ful asphalt  pavement  over  which  the  students  glide  in  observation 
auto  cars. 

Third  question:  How  should  recitations,  written  reviews  and 
examinations  be  conducted  ?  It  is  to  be  understood  by  the  class  that 
on  its  assembly  for  the  next  period  for  instruction  from  its  teacher, 
that  questions  in  review  of  the  previous  lesson  will  be  asked.  A 
question  asked  by  the  teacher  is  addressed  to  the  entire  class ;  those 
able  to  answer  will  indicate  by  the  uplifted  hand  or  by  rising. 
From  this  number  one  is  called  upon  to  answer.  Usually  10  or  a 
dozen  questions  will  review  the  entire  lesson  and  but  a  few  minutes 
are  required.  Written  reviews  are  desirable.  After  the  pupils 
have  written  the  answers  to  the  questions  asked  they  exchange 
papers  and  look  over  the  work  of  one  another.  The  results  may 
be  marked  by  them,  the  papers  are  then  returned  to  their  respective 
owners,  when  the  teacher  will  give  the  correct  answers,  corrections 
in  the  markings  may  be  made  if  necessary.  This  is  of  real  educa- 
tional value.  Formal  examinations  should  take  place  as  infre- 
quently as  possible.  They  are  only  of  value  to  determine  the  class 
standing  of  the  student.    They  are  of  no  educational  value. 

Fourth  question:  What  amount  of  time  should  be  devoted  to 
laboratory  work  and  what  should  be  the  nature  of  it?  In  the 
teaching  of  physics  in  the  secondary  schools  it  is  very  desirable 
that  an  entire  year  be  devoted  to  the  subject.  If  for  example  the 
entire  time  amounts  to  160  hours  it  would  be  fair  to  divide  it 
equally  between  class  teaching  and  laboratory  work.  The  class 
teaching  is  of  primary  importance.  If  the  time  has  to  be  lessened, 
let  it  be  taken  from  the  laboratory  portion. 

As  regards  the  nature  of  the  work,  the  students  are  to  repeat 
the  classroom  experiments  as  far  as  practicable.  Many  of  these 
will  be  qualitative  rather  than  quantitative.  The  apparatus  should 
be  permanently  arranged  in  the  laboratory  with  accompanying  di- 
rections. Inasmuch  as  the  apparatus  can  not  be  duplicated  to  any 
great  extent  the  students  may  take  turns  in  performing  the  experi- 
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ments  at  convenient  periods.  The  special  laboratory  experiments 
should,  as  a  rule,  be  for  the  purpose  of  verifying  laws  or  principles. 
So  called  research  work  does  not  belong  in  the  laboratory  of  the 
secondary  school.  The  apparatus  should  be  of  a  substantial  nature, 
readily  manipulated  and  requiring  a  minimum  of  time  in  its  pre- 
arrangement.  It  is  impracticable  to  have  a  large  number  of  students 
performing  the  same  experiment  at  the  same  time,  for  this 
requires  a  duplication  of  annaratus  and  room  capacit>'  beyond  what 
can  be  usually  afforded.  When  the  attempt  is  made  the  apparatus 
IS  apt  to  be  cheap  and  unsatisfactory  and  the  experiments  trivial 
and  uninteresting  in  character.  The  students  should  have  proper 
supervision.  Ten  or  twelve  students  to  one  supervisor  constitute  a 
sufficient  number. 

Fifth  question:  Of  what  use  are  practical  problems  and  to  what 
extent  are  they  to  be  emploved?  They  are  of  use  in  making  clear 
the  real  meaning  of  formulns.  Often  times  a  formula  stands  for 
several  rules.  There  should  be  problems  enough  to  illustrate  the 
application  of  them  all.  Practical  problems  in  considerable  number 
should  be  combined  with  laboratory  work.  They  should  be  simple 
and  all  mathematical  dernonstrations  of  a  complicated  nature  are 
to  be  avoided. 

Sixth  question :  What  has  been  the  occasion  of  the  decline  in  in- 
terest of  the  study  of  physics?  What  can  be  done  for  the  revival 
of  the  interest?  We  now  come  to  the  consideration  of  a  very 
serious  condition.  That  there  has  been  a  decline  in  interest  is 
generally  conceded  by  those  who  have  been  teaching  the  subject  for 
the  past  20  or  25  years.  How  can  this  be  accounted  for?  Within 
the  past  20  years  decided  changes  have  taken  place  in  the  teaching 
of  physics.  The  emphasis  placed  upon  laboratory  work  has  been 
one  important  cause.  The  college  entrance  requirements  and  the 
report  of  the  committee  of  10  have  been  also  controlling  influences. 
About  this  time  the  change  in  the  name  from  natural  philosophy  to 
physics  ocairred.  In  many  cases  the  classroom  work  has  been 
made  subservient  to  the  laboratory.  The  hearing  of  recitations  has 
taken  the  place  of  class  instruction.  This  has  been  the  maxim  of 
many  instructors :  "  That  only  is  knowledge  which  the  pupil  has 
reached  as  the  result  of  experiment." 

In  many  cases  abstract  mathematical  treatment  has  taken  the 
place  of  experimental  methods.  Can  we  in  the  above  statements 
trace  any  relation  of  cause  and  effect?  It  may  seem  a  matter  of 
little  importance,  that  a  name  is  of  any  significance  in  this  connec- 
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tion.  It  is  my  belief  that  the  change  in  name  from  natural  phil- 
osophy to  physics  was  unfortunate  and  without  really  any  good 
reason.  To  most  young  people  the  term  physics  has  unpleasant 
associations.  The  term  is  far  more  comprehensive  than  in  its 
present  limited  signification.  Natural  philosophy,  on  the  other 
hand,  has  its  pleasing  associations.  A  philosopher  is  a  lover  of 
wisdom.  A  natural  philosopher  is  one  who  loves  to  know  about 
the  phenomena  of  nature.  Any  boy  or  girl  would  far  rather  be 
called  a  philosopher  than  a  physicist.  If  possible  let  us  have  a 
restoration  of  the  old  name.  The  idea  that  high  school  pupils  are 
to  be  placed  in  the  laboratory  to  rediscover  the  laws  of  nature  is 
to  be  given  up.  When  we  remember  that  the  discovery  of  these 
laws  has  required  many  centuries  of  time  it  is  unreasonable  to  sup- 
pose the  students  can  accomplish  the  work  in  a  few  hours.  Again 
to  discover  a  new  law  implies  inventive  ability.  This  is  a  faculty 
possessed  by  few.  The  high  school  pupils  are  close  observers  and 
imitators.  When  they  know  definitely  what  they  are  to  accomplish 
and  just  how  it  is  to  be  done  their  work  becomes  interesting  and 
delightful.  If  the  students  had  unlimited  time  to  spend  in  the 
laboratory  it  might  be  otherwise. 

Could  a  man  be  secure 

That  his  days  would  endure 

As  of  old   for  a  thousand  long  years, 

What  things  might  he  know: 

What  deeds  might  he  dol 

And  all  without  hurry  or  care. 

Again  many  laboratory  experiments  are  of  a  trivial  nature  and  lead 
to  no  definite  end  in  the  way  of  scientific  value.  Let  the  experi- 
ments be  of  such  a  nature  that  there  will  be  "  something  doing." 
High  school  boys  and  girls  are  a  good  deal  like  Helen's  Babies. 
"  They  want  to  see  the  wheels  go  round."  Let  us  have  more 
qualitative  experiments  and  others  tending  to  reveal  the  real  prac- 
tical nature  of  the  subject  of  physics.  .  College  entrance  require- 
ments should  not  be  a  governing  influence  in  the  teaching  of 
physics.  Comparatively  few  pupils  enter  college.  Those  who  do 
may  have  special  work  assigned  them.  The  subject  is  to  be  pur- 
sued for  its  intrinsic  worth ;  when  this  is  the  case  the  students  will 
soon  realize  that  the  knowledge  thus  gained  is  of  real  practical 
benefit,  enabling  them  to  understand  the  phenomena  of  everyday 
occurrences.  They  are  acquiring  a  liberal  education,  that  which 
tends  to  liberate  them  from  the  bondage  of  ignorance.     Abstract 
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mathematical  reasonings  as  a  rule  are  to  be  avoided.  The  investi- 
gation of  the  laws  of  nature  should  proceed  from  the  experimental 
standpoint,  not  the  mathematical.  The  mathematics  of  physics 
should  be  made  as  simple  as  possible.  Bic^^phical  and  historical 
references  are  always  interesting.  Essays  may  be  written  descrip- 
tive of  the  lives  of  scientists  and  scientific  events,  which  when  read 
by  the  w^riters  will  add  much  real  interest. 

Dr  Forbes  presented  a  number  of  pieces  of  apparatus  of  original  design. 
In  his  demonstrations  he  was  able  to  exemplify  many  of  his  suggestions  in 
regard  to  the  teaching  of  physics. 
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SOME   PRACTICAL  PHYSICS   APPARATUS 

WILt-IAM    TIMBIE,    PRATT    INSTITUTE,    BROOKLYN 

There  is  no  course  of  study  that  comes  nearer  the  student's  daily 
life  than  that  of  physics,  excepting  possibly  chemistry.  The  great 
argument  for  including  physics  in  the  curriculum  of  the  high  school 
is  this  vital  connection  with  the  student's  life.  Now  when  this  con- 
nection between  the  classroom  instruction  and  practical  everyday  life 
has  been  removed,  or  lost  sight  of,  in  the  struggle  for  uniformity, 
or  for  any  other  reason,  then  the  life,  the  whole  vital  part  of  our 
science  has  been  taken  away  from  us,  and  what  remains  to  us  is 
dead.  And  the  teacher  who  allows  his  better  judgment  to  be  over- 
come, who  gives  up  trying  to  get  his  science  its  rights,  his  students 
their  rights,  and  himself  his  rights,  soon  begins  to  be  attacked  by  a 
dry  rot  and  he  becomes  a  "  dead  one  "  too. 

It  is  for  this  vital  connection  between  physics  and  the  everyday 
happenings  in  the  lives  of  our  students,  that  I  want  to  make  an 
appeal  to  you.  I  want  you  to  forget  for  a  moment  (and  I  wish  you 
would  forever)  the  high  and  mighty  board  of  examiners,  the 
Regents  requirements,  with  all  the  minimum  experiments  to  be  per- 
formed and  minimum  number  of  phages  of  some  "  approved  "  text- 
book to  be  learned.  Then,  and  then  only,  can  we  get  at  the  larger 
questions  of  why  we  teach  the  students  physics  at  all,  and  why  we 
use  the  laboratory  method.  Then,  when  we  meet  on  this  ground, 
we  can  discuss  to  some  advantage  the  best  things  to  teach  in  the 
time  allowed  us,  and  we  can  present  apparatus  before  a  convention 
like  this  and  have  a  rational  discussion  of  its  merits  and  demerits. 

The  men  in  our  profession  whom  we  look  up  to  as  the  exponents 
of  right  teaching  methods,  are  almost  unanimous  in  their  con- 
demnation of  this  cut  and  dried  system  of  physics  teaching,  which 
has  been  in  vogue  for  20  years.  You  will  find  the  wide-awake 
physics  teacher  of  today  looking  about,  continually,  for  every  pos- 
sible means  of  bringing  his  subject  back  to  life,  back  to  the  im- 
portant place  it  should  hold  in  every  high  school  and  college,  and 
more  than  all  that,  back  to  the  interest  and  respect  it  should  excite 
on  the  part  of  every  student.  All  this  can  be  done ;  has  been  done. 
It  is  a  matter  of  history  that  wherever  the  physics  course  is  allowed 
to  develop  naturally,  it  soon  becomes  in  the  students'  eyes,  and,  you 
may  be  sure,  in  the  teacher's  eyes,  the  one  course  of  absorbing  in- 
terest. Such  a  teacher  isn't  interested  in  new-fangled,  highly 
specialized  pieces  of  apparatus.    He's  on  the  lookout  for  apparatus 
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and  methods  which  will  increase  and  make  the  most  of  the  points 
of  contact  between  his  instruction  and  the  students'  experience. 

That's  why  I'm  here;  to  get  pointers  from  you.  And  too,  I 
hoped  that,  in  our  experience  at  Pratt,  we  might  have  developed 
things  that  will  help  some  of  you-  I  fully  appreciate  that  our 
problem  is  different  from  m>st  of  yours.  The  problems  that  a 
physics  teacher  must  solve  are  different  in  different  localities,  and 
even  different  among  the  several  schools  of  the  same  locality-.  Yes, 
the  best  physics  teacher  will  consider  each  student  a  separate  prob- 
lem, and  as  far  as  possible,  lay  out  a  course,  especially  in  the  labora- 
tory, which  will  best  meet  that  particular  student's  special  needs. 

Thus,  though  our  problems  may  differ  in  minor  details,  they  all 
have  this  principle  in  common.  We  should  all  be  trying  to  arrange 
our  course  so  that  it  touches  the  student's  life  in  as  many  points 
as  possible.  This  is  what  should  be  understood  by  the  term  "  prac- 
tical physics." 

We  came  to  believe,  years  ago,  that  such  a  practical  course  in 
physics  was  the  only  course  which  had  a  right  to  the  name  of 
**  physics."  The  trivial,  tiresome  stuff  in  the  common  textbooks 
which  has  so  long  masqueraded  unr^er  the  name  of  physics,  and  the 
bamlike  room,  empty,  save  for  a  few  tables,  or  some  "  dinky " 
wobbling  piece  of  apparatus,  which  has  so  long  passed  muster  as  a 
physics  laboratory;  these,  have  already  done  their  deadly  work  in 
killing  the  natural  impulses  of  every  live  up-to-date  boy.  He  wants 
to  know  how  a  dynamo  '*  dynes  "  and  why  a  motor  "  motes."  And 
what  sort  of  stuff  do  we  hand  out  to  him?  Think  of  a  physics 
course  of  which  one  third  of  the  laboratory  work  in  mechanics  con- 
sisted of  finding  the  specific  gravity  of  different  substances  and 
about  the  same  proportion  of  the  work  on  electricity  being  on  static 
electricity.  One  might  as  well  teach  the  alphabet  to  high  school 
students  and  call  it  a  course  in  English  literature. 

And  so  at  Pratt,  we  have  tried  to  meet  the  needs  of  our  pupils 
by  keeping  in  close  touch  with  their  past  experiences,  their  daily 
lives,  their  aims  and  their  ambitions.  With  these  ever  in  mind, 
we  have,  for  9  or  10  years,  been  developing  a  course  in  physics 
which,  on  the  one  hand,  will  best  aid  them  to  realize  their  ambitions, 
and  on  the  other,  will  enable  them  to  bring  to  bear  on  their  studies 
the  knowledge  gained  by  their  past  experiences  and  their  daily 
life. 

The  problem  falls  naturally  into  two  parts:  What  is  it  best  to 
teach?    What  is  the  best  way  of  teaching  it? 
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As  to  the  first,  we  have  learned  it  is  best  to  teach  the  pupils  a 
few  broad,  but  definite  principles  (not  formulas)  and  their  many 
practical  applications  to  modern  industrial  life.  Concerning  the 
second,  we  have  learned  that  that  method  is  best  which  will  best  keep 
the  students'  interest  and  respect.  The  natural  interest  in  these 
things  can  be  kept,  and  new  interest  and  respect  can  be  gained  by 
placing  interesting  and  respectable  apparatus  into  the  students' 
hands. 

To  illustrate:  Every  individual  in  practical  life,  especially  if  he 
has  been,  or  is  to  be,  engaged  in  any  kind  of  industrial  life,  would 
profit  by  some  definite  ideas  regarding  the  common  effects  of  forces. 
From  the  three  or  four  laboratory  exercises  usually  given  to  this 
subject  in  college  preparatory  courses,  performed  on  trivial  appa- 
ratus, and  with  nothing  to  suggest  the  practical  applications  of  the 
principles  involved,  the  pupil  gains  but  little  real  information.  He 
does  not  appreciate  that  the  slight  cord,  or  the  suspended  rod,  or 
the  delicate  scale  pan  and  weights,  may  be  replaced  by  the  cables 
and  steel  girders  and  massive  loads  of  real  structures;  and  the 
exercises  appear  to  him  most  abstract,  if  not  altogether  meaningless. 

Therefore,  for  the  pupils  in  the  high  schools,  many  of  whom  may 
never  have  an  opportunity  to  study  applied  sciences  in  a  higher 
institution  of  learning,  we  have  provided,  instead,  a  laboratory  filled 
with  simple  belted  and  geared  machines,  with  pulleys  and  shafting, 
with  jackscrews,  hoisting  tackle  and  working  models  of  actual 
structures,  such  as  cranes,  derricks,  sfhear  legs,  arches,  roof,  bridge 
trusses,  etc.  These  are  large  enough  to  inspire  the  respect  of  the 
boys,  and  strong  enough  to  permit  their  being  loaded  with  weights 
of  respectable  magnitude.  Repeated  exercises  performed  on  such 
apparatus,  with  loads  arranged  in  a  great  variety  of  ways  and  sup- 
plemented, of  course,  by  classroom  discussions  and  plenty  of  prob- 
lems, furnish  concrete  conceptions  of  both  the  basic  laws  and  their 
practical  applications  which  are  definite  and  lasting,  and  also  useful. 

I  had  a  young  man  come  to  me  the  other  day  with  the  stresses 
in  the  different  members  of  the  elevated  structure  all  worked  out. 
I  asked  him  where  he  got  the  proper  angles,  loads  etc.  He  had 
measured  the  angles  by  climbing  up  the  supporting  pillars  and  had 
spent  a  Saturday  in  hunting  up  a  designing  engineer  of  the  railway 
company  who  would  give  him  the  weight  of  trains,  etc.  I  think  this 
young  man  is  interested  in  physics,  and  I  believe  we  have  taught 
'him  the  parallelogram  law  at  least,  in  such  a  way  that  he  respects 
it  and  appreciates  its  value. 
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Again,  in  college  entrance  physics,  the  mechanics  of  moving 
bodies,  and  the  relation  of  such  motion  to  the  forces  whidi  cause 
it,  is  almost  entirely  omitted  in  the  laboratory  work,  and  is  much 
curtailed  in  the  textbook  instruction.  When  one  considers  the  ex- 
tent to  which  the  industries  are  dependent  upon  machinery  in  mo- 
tion, argument  is  not  needed  to  show  that  there  is  here  a  most 
important  field  that  should  be  thoroughly  covered  in  the  science 
course  of  the  ordinary  high  school.  The  driving  force  of  shafting 
and  gears,  belt  tensions,  changes  of  speed,  the  influence  of  fly 
wheels  and  of  unbalanced  moving  parts,  brake  forces  for  stopping 
machinery,  the  time  required  for  getting  it  under  way  again  and 
the  forces  involved  due  to  the  inertia  of  matter,  are  ideas  which 
should  be  made  very  clear  and  definite;  and  the  principles  under- 
lying them  should  be  thoroughly  understood. 

Ideas  of  work,  energy,  power,  and  efficiency  are  equally  im- 
portant. The  experiment  for  illustrating  efficiency,  the  usual  one 
in  college  preparatory  courses,  is  a  system  of  pulleys,  small,  ac- 
curately balanced  and  operated  by  a  thin  cord  or  thread  lifting 
a  few  ounces.  This  has  always  impressed  me  as  being  most 
ridiculous.  Let  such  an  experiment  be  performed  by  all  means,  but 
with  a  commercial  block  and  tackle  and  rope  not  less  than 
J.2  inch  thick,  and  lifting  loo  to  200  pounds,  and'  let  the  sheaves 
be  the  usual  ones  used  in  any  shop  and  purchased  in  any  hardware 
store.  These  are  the  commercial  conditions,  and  the  conclusiohs 
drawn  from  an  experiment  thus  performed  would  have  some  in- 
terest and  value. 

The  laboratory  of  the  ordinary  high  school,  in  my  opinion,  should 
contain  in  place  of  the  regular  school  apparatus,  a  proper  supply 
of  common  commercial  machines  which  would  give  an  opportunity 
for  plenty  of  tests  of  efficiency,  friction,  input  and  output,  on  gears, 
sprockets,  and  belt-driven  machines,  fly  wheels,  bearings  etc. 

Similar  useful  exercises  may  be  suggested  for  heat  and  elec- 
tricity ;  apparatus  may  be  readily  arranged  in  which  steam  in  quan- 
tity may  be  used  to  illustrate  such  ideas  as  the  relation  of  its 
pressure  to  its  temperature,  its  energ>',  its  condensation,  its  power 
of  doing-  work  under  expansion,  etc.,  and  these  things  may  be 
sliown  just  as  sim]>ly  as  with  the  trivial  exercises  that  are  usual 
in  the  school  laboratory  for  illustrating  the  laws  of  heat.  I  am 
to  demonstrate  one  such  piece  for  determining  Joule's  equivalent 
and  for  using  it. 

In  the  subject  of  electricity,  the  instruction  given  in  most  higfh 
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schools,  IS  only  that  included  in  the  usual  college  preparatory 
courses  in  physics  as  outlined  by  some  textbook.  It  is  illustrated 
either  by  the  use  of  apparatus  that  is  small  and  not  practical,  or 
else  by  highly  specialized  instruments  for  purely  theoretical 
measurements  and  deals  for  the  most  part  with  either  frictional 
eJectrictiy  or  with  the  current  from  battery  cells.  Most  of  the 
exercises  in  the  course  are  given  unchanged  just  as  they  were 
adopted  for  the  original  report  of  the  "  Committee  of  Ten  "  some 
20  years  ago,  and  are  not  at  all  representative  of  modern  practice 
or  the  uses  to  which  electrical  power  is  now  adapted. 

All  the  electrical  theory  that  is  necessary  for  a  general  under- 
standing of  the  subject  or  that  is  suitable  for  a  secondary  school, 
may  be  equally  well  illustrated  by  the  use  of  commercial  ammeters, 
voltmeters,  and  wattmeters,  and  with  current  from  a  generator. 
In  this  way,  the  instruction  may  be  given  a  highly  practical  value. 
Model  lighting  circuits  should  be  arranged  in  the  laboratory,  upon 
which  tests  may  be  made  of  the  distribution  and  utilization  of  elec- 
trical power,  the  current  needed  for  different  circuits,  electrical 
resistances,  the  power  required  to  c^erate  different  kinds  of  lamps, 
etc.  Small  motors  of,  perhaps,  one  half  horsepower  or  one  horse- 
power, should  be  installed  from  which  the  structural  details  of 
motors  and  generators,  their  connections,  their  operation  and  con- 
trol, and  the  interrelation  of  mechanical  and  electrical  power  may 
be  learned.  In  these  days  of  electric  lighting,  electric  traction,  and 
electric  machinery  of  every  variety,  these  are  matters  upon  which 
every  intelligent  person  should  be  informed. 

These  suggestions  are  a  few  of  the  things  that  we  have  worked 
into  suitable  exercises  for  a  course  in  physics.  They  are  far  from 
complete,  but  presumably  enough  have  been  given  to  make  clear  the 
points  which  I  wish  to  emphasize.  Work  and  instruction  of  this 
character  is  successfully  pven  in  other  schools  than  Pratt,  to  pupils 
of  ordinary  high  school  attainment.  It  is  simpler  of  comprehension 
than  much  of  the  work  required  by  the  examiners,  and  it  offers  in 
addition  to  its  everyday  utility,  a  more  efficient  means  of  furnishing 
training  and  mental  discipline. 

There  should  not  be  the  slightest  attempt  to  encroach  upon  the 
field  of  the  college  engineering  in  any  of  this  instruction ;  but  such 
principles,  underlying  the  construction  of  this  apparatus  and 
machinery  as  are  necessary  to  a  proper  and  intelligent  care  and 
efficient  use  of  the  same,  are  entirely  within  the  scope  of  the  high 
school,  and  should  by  all  means  be  included  in  its  curriculum. 
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I  Determination  of  the  value  of  Joule's  equivalent  by  a  simple 
form  of  apparatus 

The  apparatus  shown  in  figure  i  was  devised  wholly  from  com- 
mercial parts,  first  to  determine  Joule's  equivalent,  second  to  obtain 
a  maximum  value  for  the  fraction  of  the  energy  input  of  an  or- 
dinary incandescent  lamp  which  is  turned  into  light.  It  consists 
of  a  32  candlepower  bulb  in  a  micanite  weatherproof  socket,  into 
which  is  screwed  a  short  piece  of  brass  pipe  joined  at  the  upper 
end  to  a  wooden  head.     This  head  carries  a  pair  of  Fahnestock 


Fig.    I  Apparatus  to  determine  Joule's  equivalent 

binding  posts  for  the  terminals  of  the  lamp.  The  joints  are  sealed 
by  beeswax  above  and  below. 

Used  in  a  metal  calorimeter  with  a  cover,  the  apparatus  converts 
the  entire  input  directly  into  heat;  while  if  the  bulb  is  placed  in  a 
thin  beaker  of  very  clean  water  the  light  given  off  is  apparently  as 
bright  as  though  the  lamp  were  burning  in  air,  but  the  heat  de- 
veloped is  10  to  13  per  cent  less.  This  gives  a  maximum  value  to 
the  absolute  efficiency  of  the  lamp  in  converting  electric,  energy  into 
light. 

Some  simple  experiments  involving  the  Wheatstone  bridge  prin- 
ciple of  resistance  measureITle^ts  wer^  shown.    These  consisted  of 
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the  Varley  and  Murray  "  loop  *'  methods  of  locating  a  "  fault  "  in  a 
telephone  or  a  telegraph  cable.  The  merit  of  these  experiments 
lies  in  the  fact  that  they  give  practice  in  resistance  measurements 
applied  in  an  interesting  and  commercial  manner,  with  the  use  of 
simple  inexpensive  apparatus.  Every  student  is  naturally  curious 
to  know  how  it  is  possible  to  sit  in  an  office  and  send  a  "  repair  " 
man  to  within  a  few  feet  of  a  "  fault"  in  a  telephone  line  which 
may  be  miles  long.  Use  is  made  of  this  curiosity  to  drive  home 
the  fundamental  principles  of  a  Wheatstone  bridge. 

Stereopticon  pictures  were  then  shown  illustrating  how  models  of 
cranes  and  bridges  had  been  made,  and  simply  made,  for  laboratory 
practice  in  mechanics. 

Three  of  these  are  given  below. 


2  Pair  of  shears 

Figure  2  shows  a  pair  of  shears  erected  at  Sparrows  Point,  Md., 
for  the  Maryland  Steel  Company.  The  two  legs  are  hollow  steel 
tubes  116  feet  long  and  in- 
clined 35  feet  out  of  the 
vertical.  They  are  operated 
by  hydraulic  machinery  and 
designed  to  lift  200  tons. 

This  mechanism  affords 
an  interesting  and  easy 
classroom  problem  for  the 
application  of  the  principle 
of  the  equilibrium  of  con- 
current forces.  In  addition, 
a  model  has  been  made  and 
set  up  in  the  laboratory. 
The  students  may  compute 
the  stresses  in  all  the  mem- 
bers for  different  "  set  ups  " 
and  then  check  their  compu- 
tations by  testing  the 
stresses  in  the  model  with 
spring  balances.  Figure  3  is 
a  photograph  of  such  a 
model  pair  of  shears  set  up  in  the  physics  laboratories  at  Pratt  In- 
stitute. 


Pig.  a 


84      NEW   YORK   STATE   SCIENCE  TEACHERS   ASSOCIATION       [ DEC.  JO 


The  legs  are  about  4  feet  long  of  i  J4  inch  oak.  The  "  feet "  are 
tapered  and  set  in  holes  in  the  board  MN  which  is  screwed  fast  to 

the  table.  Several  quick  ad- 
justments of  the  "  spread  " 
are  thus  possible.  The  legs 
are  joined  at  A  by  a  hinge, 
the  pin  of  which  passes 
through  a  clevis.  By  fasten- 
ing a  balance  to  the  clevis 
and  pulling  up,  along  the 
line  of  a  leg,  until  the  foot 
just  clears  the  support,  the 
thrust  at  foot  of  the  leg 
may  be  determined.  The  tie 
is  of  braided  wire  and,  by 
an  easy  adjustment  of  its 
length,  the  legs  can  be  in- 
clined at  any  angle  to  the 
vertical.  A  spring  balance 
placed  in  the  tie  registers 
the  tension  in  that  member. 
In  this  form,  a  pair  of 
FiR.  3  shears  makes  an  easy  and 

very  practical  problem  which  can  not  only  be  solved,  but  the  com- 
putation can  be  checked  by  actual  tests  to  within  a  few  per  cent 
of  variation.  The  fact  tliat  it  is  a  good  sized  working  model  of  a 
commercial  machine,  adds  a  large  element  of  interest  to  the  student's 
work. 

The  method  of  solution  usually  followed  in  our  laboratories  is 
as  follows:  About  a  20  pound  load  is  hung  at  W.  The  legs 
together  weigh  2  j)ounds,  and  as  one  half  of  this  may  be  considered 
as  acting  at  A  and  the  other  half  at  the  feet,  i  pound  is  added  to  the 
weight  W,  in  all  computations. 

The  thrusts  in  the  legs  may  be  imagined  to  be  taken  up  by  a  single 
member  in  the  plane  of  AB  and  AW  running  from  R  to  A  [see 
Force  diagram  i].  We  now  have  a  simple  case  of  equilibrium  pro- 
duced by  three  forces  meeting  at  a  common  point.     The  stresses 
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in  tie  AB  and    imaginary    leg    AR,    are    now    found  graphically 
or  by  trigonometry.     Using  the  same  methods,  the   force  AR  is 

-A 


Force  diagram  a  Force  diagram  3 

then  resolved  into  its  two  components  along  the  legs,  AC  and  AD. 
By  adding  to  these  values  .7  pound,  (the  effect  of  the  remaining 
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weight  of  the  leg),  the  thrust  at  the  foot  is  found.    These  results 
are  then  compared  with  the  test  readings,  taken  as  described. 

3  The  chain  hoist 

Among  the  different  classes  of  machines  the  nonreversible  type 
presents  interesting  problems  in  efficiency,  displacement  ratio,  me- 
chanical advantage,  effect  of  load  on  friction,  etc.  By  nonrevers- 
ible type  is  meant  a  machine  which  will  not  be  run  backward  by 

the  load  when  the  driving 
effort  is  removed.  To  this 
class  usually  belong  the 
screw,  worm,  differential 
pulley,  etc. 

Figure  4  shows  a  quarter 
ton  chain  hoist  which  has 
been  installed  in  the  physics 
laboratories.  It  is  a  Weston 
differential  pulley  type, 
made  by  Yale  and  Towne, 
and  is  the  regular  stock 
hoist  of  quarter  ton  capac- 
ity and  8  feet  lift.  No  ef- 
fort has  been  made  to  re- 
d^ice  the  friction  or  other- 
wise improve  the  apparatus. 
The  test  is  meant  to  be 
strictly  of  a  ccMnmercial 
character  and  under  actual 
working  conditions. 
This  type  of  hoist  was  chosen  for  the  beginner  in  preference  to 
the  worm  and  wheel  hoist  because  the  differential  block  (A)  is  open 
and  allows  the  student  to  get  at  the  mechanism  (two  pulleys),  and 
so  obtain  measurements  and  observe  its  action.  This  block  is 
fastened  to  an  I  beam.  The  load  consists  of  an  iron  cradle  and 
nine  50-pound  weights  which  may  be  added  one  at  a  time  in  order 
to  test  the  machine  under  different  loads  from  50  to  550  pounds. 

The  procedure  is  as  follows:  The  diameters  of  the  differential 
pulleys  are  first  measured    and    the    displacement    ratio  computed 
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from  the  formula  ?-^  where  R  is  the  radius  of  large  pulley  and  r 
the  radius  of  the  smaller  one.  This  is  then  checked  by  measur- 
ing- the  length  of  chain  running  over  large  pulley,  which  has  to 
be  displaced  in  order  to  raise  the  load  i  foot. 

The  effort  required  to  raise  a  given  load  is  measured  by  pulling  on 
a  spring  balance  attached  to  the  chain.     As  the  machine  will  not 

run    backward,    a    ^   ^ 

/v         .       I  1^  t^  r  I  I  1  I  r  r  M  1  I  I  r  I  M  '  I  M  [  I  I  I  j>ri  1*1 
negative  effort,  i,  e  '  '  *  ^  *  ^  ^'  *  ^  ^  ^  ^  ■  ^  +  ^  '  ^  ^  '  '  ^  f-i-4-+-+-M-i*-*^HH-4 

an    effort    on    thet 

other  side  of  same 

pulley,  must  be  ap-  |j 

plied  to  lower  the 

load.    The  amount 

of  negative  effort 

is    determined     in 

the  same  %vay   as 

the  effort  required 

to   raise   the   load 

Half  the  algebrau 

difference  of  these 
two  quantities  is  approximately  the  value  of  the  friction  at  that 
load.  The  output  is  computed  by  assuming  load  to  lifted  i  foot, 
thus:  outputs  load  X  I  foot-pounds.  The  input  then  equals  the 
product  of  the  displacement  ratio,  by  the  effort  to  raise  the  load. 
By  dividing  output  by  input,  the  efficiency  is  found  at  the  given 
load.  This  is  repeated  for  loads  increasing  by  50-pound  steps  until 
a  load  of  about  550  pounds  is  reached.  Interesting  curves  are  then 
plotted  showing  relation  between  load  and  effort,  load  and  friction, 
and  load  and  efficiency. 


4  The  chain  drive 

Efficiency  of  transmission 

The  chain  drive  has  probably  reached  its  maximum  efficiency  in 
the  bicycle.  In  order  to  obtain  minimum  friction  the  teeth  are  cut 
very  accurately  and  the  chains  are  made  with  great  care.  Here, 
then,  is  one  of  the  best  examples  of  a  common  method  of  power 
transmission  which  is  very  easy  to  instal  in  a  laboratory,  and  which 
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offers  an  intcresdng  prob- 
km  in  maximnm  coomier- 
cial  effidencT  of  a  certain 
type  of  mechanical  trans- 
mission. 

Figure  5  is  a  photograph 
of  such  a  mechanism  in- 
stalled in  the  Pratt  labora- 
tories. 

The  pedals  were  removed 
and  a  wooden  pulley  having 
a  radius  equal  to  the  length 
of  the  crank  was  attached 
to  one  crank.  A  pound  ap- 
plied to  the  rim  of  this  pul- 
ley thus  produces  the  same 
torque  as  an  equal  force 
formerly  did,  when  applied 
to  the  pedal.  A  resisting 
torque  is  applied  to  the  rear 


wheel  by  a  weight  on  the  cord  running  on  the  rim,  from  which  the 
tire  has  l)een  removed.  If  desired,  the  machine  may  now  be  driven 
by  the  force  on  the  rear  wheel.  This  will  raise  a  greater  weight  on 
the  pulley,  thus  gaining  a  large  *'  mechanical  advantage."  Or  it  may 
Ik*  driven  in  the  usual  way  as  a  *'  speed  "  machine  with  the  force  on 
the  pulley  used  as  the  driving  effort.  The  latter  is  usually  our 
practice, 

A  two-ounce  load  is  hung  from  the  rear  wheel  and  then  enough 
weight  |)Ut  on  the  pulley  to  just  raise  this  at  a  uniform  speed.  Then 
weights  are  removed  from  K  until  the  load  (L)  lowers  at  the  same 
uniform  rate.  Half  the  difference  between  these  values  (effort  to 
raise  and  effort  to  lower  the  load)  represents  the  friction  of  the 
machine  at  this  load.  The  driving  effort  for  a  frictionless  machine 
can  be  found  by  taking  half  their  sum.  The  input,  output  and 
efficiency  are  computed  as  in  the  experiment  with  the  chain  hoist, 
and  curves  are  plotted  to  show  the  relation  of  efficiency  and  driving 
effort  to  load  raised.  Also  on  the  same  sheet  the  driving  efforts 
for  a  frictionless  niacliine  are  plotted  against  the  loads.  The  in- 
crease of  friction  with  aclded  loads  is  brought  out  by  the  divergence 
of  tbe  two  '*  effort"  curves.  The  displacement  ratio  is  computed 
by  measuring  the  diameters  of  the  pulley  and  wheel,  and  counting 
the  number  of  teeth  on  each  sprocket.  The  computed  value  is  then 
tested  by  actual  measurements  of  the  distances  moved  over  simul- 

ncously  by  effort  and  load« 
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A  SIMPLE  HYDROGEN  SULPHID  GENERATOR 

JENNIE   P.    HANNA,    EAST    HIGH    SCHOOL,    ROCHESTER 

The  idea  of  this  Httle  hydrogen  sulphid  generator  is  not  original, 
as  I  found  the  suggestion  in  the  March,  1908  number  of  School 
Science. 

This  generator  consists  of  ignition  tube  (although  test  tube  can 
be  used)  through  the  bottom  of  which  I  blew  a  small  hole.  I  melted 
the  end  of  a  small  piece  of  tubing,  about  2  cm  in  diameter,  whose 
coefficient  of  expansion  is  about  the  same  as  ignition  tube.  Blew 
a  small  ball  at  end  and  broke  it  so  as  to  leave  a  slight  flare.  Then 
drew  tubing  through  hole  and  melted  the  flared  end  to  ignition  tube. 
Immediately  covered  end  with  carbon  by  holding  in  luminous  flame, 
thus  giving  it  a  chance  to  cool  slowly. 

The  generator  is  charged  by  dropping  two  or  three  small  pieces 
of  Fe  S  into  tube,  so  that  they  lodge  in  annular  space,  add  a  little 
dilute  acid  and  close  with  finger  on  stopper. 

If  you  wish  to  collect  the  gas  to  study  its  properties,  put  genera- 
tor into  bottle  and  cover,  using  lead  compound  to  determine  when 
bottle  is  full. 

After  use,  the  generator  is  stopped  by  filling  tube  with  water. 

This  tube  is  efficient  in  precipitating  the  sulphids  from  their  salts, 
as  it  not  only  generates  the  gas  where  needed  but  can  be  used  as 
stirring  rod.  The  pressure  of  the  gas  is  sufficient  to  keep  precipi- 
tate from  working  up  into  small  tube. 

Miss  Hanna  also  exhibited  a  wooden  model  of  a  calcium  carbide  furnace, 
that  was  made  by  one  of  her  students. 
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DEMONSTRATION  OF  DYNAMO  AND  MOTOR 

BRYAN  O.  BURGIN,  ALBANY  HIGH  SCHOOL 

I  Apparatus.  Dynamo-motor,  sensitive  lecture  table  galvan- 
ometer, large  bar  magnet,  eight  to  ten  volt  battery,  connecting 
wires. 

The  dynamo-motor.  A  bipolar  field  is  built  of  large  upright  cores 
separately  wound  for  each  pole,  all  windings  and  connections  being 
exposed  to  view  so  that  circuit  of  exciting  current  may  be  easily 
traced  and  polarity  of  field  determined.  The  diameter  of  space  be- 
tween curved  pole  tips  is  about  4}^  inches. 

The  armature  consists  of  a  single  rectangular  coil  of  125  turns  of 
no.  24  magnet  wire  wound  on  a  light  brass  frame  about  4  inches  in 
diameter,  so  made  that  it  may  be  easily  and  quickly  put  on  or  taken 
off  of  a  wooden  shaft  on  which  it  may  be  rotated  in  the  field.  The 
shaft  on  which  may  be  fastened  the  armature  coil,  collecting  rings 
or  commutator  is  about  10  inches  long  and  may  be  instantly  placed 
in  bearings  or  removed  therefrom.  The  shaft  bearings  consist  of 
two  iron  uprights  about  8  inches  high  from  base  of  machine. 

Collecting  rings,  2^/1  inches  in  diameter,  are  so  built  together  that 
they  may  be  easily  put  on  and  clamped  to  the  shaft  and  the  two 
terminals  of  the  armature  coil  readily  connected.  To  distinguish 
conveniently  between  the  two  rings,  one  is  colored  red  and  the  other 
blue,  and  the  similarly  colored  terminals  of  the  armature  coil  may 
be  connected  to  the  rings  respectively.  A  two  segment  conunutator, 
one  segment  red,  the  other  blue,  2^  inches  in  diameter,  is  also  so 
made  that  it  may  be  readily  clamped  on  the  shaft  in  place  of  the 
collecting  rings,  and  the  terminals  of  the  armature  coil  quickly  con- 
nected thereto. 

Two  thin  strips  of  spring  copper  about  5  inches  long  and  J4  inch 
wide  constitute  the  brushes  which  may  be  instantly  adjusted  under 
binding  posts  to  bear  on  the  collecting  rings  or  under  another  set 
of  binding  posts  to  bear  on  the  commutator.  A  small  crank  which 
may  be  quickly  attached  to  rear  end  of  armature  shaft,  for  con- 
venience in  rotating  same,  completes  the  machine. 

II  Demonstration.        A  —  The  dynamo 

(a)  Before  presenting  to  a  class,  the  subject  of  the  d)mamo,  the 
following  principles  should  be  thoroughly  fixed  in  the  minds  of  the 
pupils:  (i)  Induced  electro-motive  forces  and  the  resulting  cur- 
rents are  always  produced  in  a  closed  conductor,  as  a  coil,  by  a 
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variation  in  the  number  of  lines  of  force  passing  through  the  coil. 
(2)  An  induced  current  is  said  to  be  direct  when  it  flows  clockwise 
in  the  coil,  and  indirect  when  it  flows  counterclockwise.  (3)  If  the 
observer  imagines  himself  looking  in  the  direction  in  which  the  mag- 
netic lines  of  force  pass  out  of  north  pole  of  the  inducing  magnet  or 
coil,  then  an  increase  in  the  number  of  lines  passing  through  the 
coil  induces  an  indirect  current  and  a  decrease  in  the  number  of 
lines  induces  a  direct  current. 

(b)  Determine  the  polarity-deflection  of  the  galvanometer  by  the 
use  of  a  copper-zinc  water  battery. 

(c)  Substitute  armature  coil  for  battery,  connecting  red  terminal 
of  coil  to  galvanometer  wire  which  was  connected  with  copper  and 
blue  terminal  in  place  of  zinc. 

(rf)     Using  bar  magnet,  verify  statements  in  (a). 

(e)  Connect  field  magnets  in  series  with  8  to  10  volt  battery; 
apply  right-hand  polarity  rule  and  verify  same  by  means  of  magnetic 
needle. 

(/)     Using  field  magnets,  verify  statements  in  (a). 

(g)  Place  armature  coil  on  shaft,  put  shaft  in  bearings,  rotate 
and  note  deflection  of  galvanometer  needle.  Also  note  twisting  of 
wires  due  to  rotation  of  armature. 

(h)  Show  how  twisting  of  wires  may  be  avoided.  Put  on  col- 
lecting rings  —  connecting  colored  armature  terminals  with  re- 
spective rings  —  and  adjust  brushes,  galvanometer  wires  and  crank. 
Rotate  armature  and  note  deflections  of  needle  indicating  alternat- 
ing current. 

(i)  Emphasize  the  fact  that  the  current  changes  direction  twice 
during  each  revolution,  namely  at  times  when  the  greatest  number 
of  lines  of  force  are  passing  through  the  armature  coil. 

(;)  Show  how  current  might  be  taken  from  armature  coil  in 
same  direction  through  external  circuit  by  rapidly  exchanging 
'places  of  brushes  at  every  alternation.  This  may  actually  be  done 
by  placing  both  collecting  rings  on  the  same  wheel,  letting  one  ring 
be  represented  by  half  the  circumference  and  the  other  ring  by  the 
other  half.     Show  and  explain  construction  of  the  commutator. 

(k)  Remove  collecting  rings,  put  on  commutator,  connect  with 
terminals  of  armature  coil  and  adjust  brushes.  Qamp  commutator 
on  shaft  so  that  segments  change  from  one  brush  to  the  other  at 
the  time  current  changes  direction  in  armature  coil.  Rotate  arma- 
ture and  note  constant  deflection  of  galvanometer  needle  indicat- 
ing direct  current.  Reverse  rotation  and  note  deflection  of  needle 
showing  opposite  direction  of  current. 
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(/)  Call  attention  to  the  fact  that  the  field  of  an  alternator  must 
be  excited  by  a  direct  current  from  some  outside  source  (unless  a 
portion  of  its  own  current  is  rectified  as  is  sometimes  done),  while  a 
direct  current  dynamo  may  excite  its  own  field.  Show  also  how 
the  armature  core  may  be  used  and  its  effect  on  the  nunri)er  of  lines 
of  force  passing  through  the  coil. 

B  —  The  motor 

(a)  In  presenting  the  subject  of  the  motor  it  is  essential 
pupils  understand  thoroughly  the  nature  of  the  magnetic  field 
surrounds  a  current-bearing  conductor.     They  should  know  the 
lowing  rule:    Knowing  the  direction  of  the  current,  grasp  the 
diictor  with  the  right  liand  so  that  the  thumb  points  in  the  * 
of  the  current,  then  the  fingers  will  indicate  the  positive  dir 
of  the  lines  of  force  around  the  conductor. 

(b)  Connect  field  magnets  in  series  with  battery  and  dete 
polarity. 

(c)  Break  circuit  and  making  a  loop  of  one  of  the  conne 
wires  place  it  between  the  pole  pieces  of  the  field  magnet  By  the 
application  of  the  rule  stated  in  (a)  and  the  laws  of  magnets,  de- 
termine what  should  be  the  motion  of  the  wire  when  current  flows. 

(d)  Make  circuit  and  verify  conclusion  drawn  in  (c).  Reverse 
loop  of  wire  and  note  result  when  current  is  again  made  to  flow. 

(e)  Place  armature  coil  and  commutator  on  shaft,  connect  and 
hang  shaft  in  bearings.  Adjust  brushes,  trace  out  circuit  and  de- 
termine how  armature  coil  should  revolve  when  current  flows. 

(/)     Make  circuit  and  verify  conclusion  drawn  in  (e). 

(g)  Show  how  reversing  the  current  in  a  series  motor  does  not 
and  can  not  reverse  the  motion  of  armature  since  the  polarity  of 
the  field  is  reversed  as  well  as  the  current  in  the  armature. 

(/i)  Point  out  the  fact,  as  in  the  dynamo,  that  a  laminated  iron 
core  increases  the  efficiency  of  the  motor  by  impelling  a  greater 
number  of  lines  of  force  to  pass  through  the  coil. 
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BRIEF  DEMONSTRATIONS 

CHARLES  L.  HARRINGTON,  BROOKLYN  INSTITUTE  OF  ARTS  AND  SCIENCES 

Small  model  of  ring  armature  motor  to  be  used  for  projection 

by  a  lantern 


This  motor  possesses  all  the  necessary  working  parts.  The  bind- 
ing posts,  a  and  b,  should  be  connected  to  the  poles  of  two  dry  cells 
in  series,  while  c  and  d  are  connected  to  the  poles  of  two  other  dry 
cells  in  series.  By  using  two  double-throw  switches  (one  for  each 
pair  of  cells)  it  may  be  shown: 

I  St  That  the  armature  turns  rapidly  when  both  currents  are 
working. 

2d  That  when  both  currents  are  reversed  the  direction  of  arma- 
ture rotation  is  not  changed. 

3d  That  when  only  one  of  the  currents  is  reversed  the  direction 
of  armature  rotation  is  changed. 

Displace  the  .cells,  c  and  d,  by  a  galvanometer.  Then  by  attaching  a 
pulley  to  the  axle  of  the  armature,  the  armature  may  be  made  to  turn 
in  a  magnetic  field  and  the  galvanometer  will  show  a  current.  Thus  mus- 
cular   energy    may    be    changed    to    electric   energy. 


c 
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Modification  of  the  Ayrton  rheostat 


Resistances 

a  =»  .28  ohms 
b  =^  2.52  ohms 
c  =^  25.20  ohms 
d  =:  28.00  ohms 
g  =^'  224.00  ohms 


Decimal  parts  of  total  re&istance 

a  =      .28  =  .001 

a  +  b  =    2.80  =  .01 

a  +  b  +  c  =  28.00  =  .1 

a  +  b  +  c  +  d  =  56.       =  .2 


Total  =^.  280.00  ohms 
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PLAIN    CROSS   SECTION   DRAWINGS    ON   CARDBOARD   FOR 

SCHOOL  USE 

S.  B.  EVERTS,  ADAMS  HIGH  SCHOOL 

In  physics  and  chemistry  as  in  other  subjects  there  are  certain 
fundamental  principles  to  be  fixed  in  the  minds  of  our  pupils  if  any 
real  understanding  of  either  subject  is  to  be  obtained.  It  is  the 
purpose  of  this  paper  to  discuss  briefly  the  importance  of  drawings 
in  inculcating  these  scientific  principles,  and  to  urge  that  sectional 
drawings  be  more  extensively  used  in  textbooks  and  by  teachers 
and  students.  While  the  discussion  will  be  of  interest  to  all  science 
teachers,  it  is  my  hope  that  it  will  be  of  special  assistance  to  those 
who  have  but  recently  entered  upon  the  work  of  teaching. 

That  more  attention  should  be  given  the  matter  of  drawings  on 
the  part  of  our  teachers  and  textbook  writers  needs  little  argument. 
Our  textbooks  and  laboratory  manuals  are  in  general  much  belter 
illustrated  today  than  were  those  in  use  even  10  years  ago.  The 
cuts  employed  to  represent  various  pieces  of  apparatus  are  much 
clearer  and  greater  pains  is  taken  to  illustrate  the  actual  com- 
mercial form  of  the  apparatus  under  consideration.  In  some  of 
the  more  recent  texts  we  may  find  excellent  examples  of  color  work, 
especially  in  connection  with  the  subject  of  light.  In  the  matter 
of  sectional  drawings,  however,  most  texts  are  still  deficient.  The 
drawings  shown  in  many  books  even  for  simple  pieces  like  the 
ordinary  force  pump,  for  example,  closely  resemble  Patent  Office 
drawings,  while  the  drawings  to  illustrate  the  arc  lamp  with  auto- 
matic feed  confuse  and  discourage  the  best  students  at  first  sight. 
Sometimes  a  cut  is  used  which  shows  a  picture  of  the  cross  section, 
and  often  a  cut  is  given  and  no  sectional  drawing  whatever  is 
offered  to  aid  the  student.  It  is  safe  to  assert  that  not  one  pupil 
in  ten  attempts  to  master  by  his  own  efforts  such  drawings  as  are 
usually  placed  before  him.  He  gives  up  the  attempt  in  disgust,  if 
he  makes  one  at  all,  and  relies  upon  his  instructor  to  show  him 
"  how  it  works."  Textbooks  should  contain  in  close  proximity  to 
each  description  not  only  a  good  cut  but  also  a  clear,  simple,  sec- 
tional drawing  of  the  apparatus,  with  references  in  the  text  to  the 
drawing  as  well  as  to  the  cut  presented.  These  drawings  should 
be  so  made  that  the  significant  facts  of  the  apparatus  will  be  firmly 
impressed  upon  the  student's  mind  when  he  has  completed  the 
study  of  the  text  relating  to  the  matter. 

But  teachers  are  at  fault  in  this  matter  as  well  as  textbooks.  A 
pupil  is  often  directed  to  make  a  drawing  of  some  piece  of  ap- 
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paratus  with  which  he  has  been  working,  the  task  being  assigned 
without  any  preliminar>'  assistance  or  instruction  as  to  the  essen- 
tial parts  to  be  drawn  or  the  conventional  methods  of  representing 
these  parts.  The  pupil  confronted  by  this  problem  usually  does  one 
of  two  things:  either  he  openly  or  surreptitiously  finds  a  drawing 
of  some  s<^>rt  in  his  textbook  or  laboratory-  manual  and  then  pro- 
ceeds to  copy  it  carefully  into  his  notes,  or  else  he  produces  by  his 
own  efforts  a  drawing  out  of  proportion,  with  emphasis  placed 
ufxjn  the  wrong  features,  and  with  many  minor  but  necessary  de- 
tails omitted.  In  either  case  it  is  safe  to  assiune  that  he  goes  away 
and  at  once  forgets  what  manner  of  thing  it  was  that  he  drew. 
Later  upon  written  test  his  instructor  is  surprised  and  pained  to 
find  that  the  student  either  fails  entirely  when  called  upon  to  illus- 
trate his  description  of  the  apparatus  in  question  or  else  his  draw- 
ing and  description  do  not  agree.  Examinations  for  State  certifi- 
cates prove  that  this  deficiency  is  widespread  and  that  inaccurate 
and  incomplete  drawings  are  the  rule  and  not  the  exception.  Every 
physics  teacher  will  testify  that  pupils  are  prone  to  confuse  the  lift 
pump  and  the  force  pump,  to  omit  valves,  to  place  levers  so  that 
the  motion  produced  will  be  incorrect,  to  form  ropes  and  pulleys 
into  imjK)ssil)le  combinations,  to  produce  wild  tangles  of  wire  in 
electrical  apparatus,  and  to  fail  utterly  to  trace  the  path  of  a  ray 
of  light  through  a  lens.  In  chemistry  the  drawings  presented  will 
not  show  the  actual  arrangement  or  will  fail  to  show  stopcocks, 
rubber  connections,  corks  etc.,  without  which  the  apparatus  would 
be  useless.  This  condition  points  to  vague  ideas  and  a  weak  grasp 
U]Hm  essential  |)rinciples,  an<l  demands  vigorous  treatment  upon 
the  j)art  of  our  science  teachers  if  improvement  is  to  be  secured. 

It  is  almost  axiomatic  to  affirm  that  no  student  can  fully  under- 
stand the  apparatus  he  is  studying  unless  he  can  make  a  simple  but 
accurate  drawing  to  illustrate  its  construction  and  operation. 
(iraj)hic  illustrations  arc  helpful  in  any  subject  but  nowhere  are 
they  of  more  value  than  in  the  sciences.  Pupils  should  be  taught 
to  form  correct  visual  images  of  the  cross  section  of  the  apparatus 
they  arc  using.  Without  doubt  one  of  the  chief  reasons  why  prin- 
ciples of  physics  which  relate  to  common  things  such  as  the 
ordinary  lift  pump  are  so  slowly  apprehended  is  that  plain  draw- 
ings are  not  presented  for  study  nor  is  aid  given  the  student  so 
that  he  can  make  such  drawings.  Students  may  use  a  simple  air 
'>ump  or  gas  generator  for  months  and  be  unable  to  explain  its 

de  of  o|KTation  or  make  an  intelligible  drawing  of  it.    Hazy  and 
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erroneous  ideas  can  often  be  located  and  corrected  in  no  other  way 
so  well  as  by  requiring  the  student  to  make  a  drawing  of  the  ap- 
paratus. If  the  student  secures  by  daily  practice  the  ability  to  draw 
accurately  and  rapidly  the  apparatus  he  is  using,  he  will  receive 
much  valuable  training  in  designing  new  combinations  to  secure 
some  desired  end.  Finally,  the  consciousness  on  the  part  of  the 
pupil  that  he  can  draw  some  troublesome  arrangement  or  com- 
plicated apparatus  greatly  increases  his  confidence  in  his  ability  to 
describe  it  lucidly  and  accurately  when  necessary. 

The  first  essential  of  good  laboratory  drawings  is  rigorous  sim- 
plicity. Only  parts  essential  to  a  clear  understanding  of  the  prin- 
ciple under  consideration  should  be  shown.  In  accordance  with 
this  idea,  pupils  should  be  taught  to  omit  detailed  drawings  of 
levers  and  other  devices  to  produce  motion,  the  direction  of  motion 
being  shown  by  arrows.  Dynamos  and  batteries  should  be  repre- 
sented by  conventional  signs  or  omitted  altogether.  Any  detail  of 
structure  shown  in  the  commercial  model  which  is  unnecessary  and 
which  may  serve  to  distract  the  pupil's  attention  should  be  omitted. 
The  constant  aim  should  be  to  strip  everything  of  that  which  is 
incidental  or  unnecessary  and  concentrate  the  attention  upon  the 
principle  in  hand.  Students  should  not  be  allowed  to  make  excellent 
drawings  of  ring  stands  or  burette  clamps  and  then  fail  to  show 
clearly  the  apparatus  of  which  these  are  merely  the  supports. 

A  second  essential  is  that  drawings  be  cross  sections  of  the 
apparatus  used.  Pupils  should  be  directed  to  imagine  that  a  verti- 
cal plane  is  passed  through  the  middle  of  the  apparatus  and  then 
the  sheet  of  paper  is  put  in  the  place  of  this  plane.  Lines  are  then 
traced  where  the  paper  would  touch  the  intersected  apparatus. 
The  teacher  must  explain  this  principle  carefully  and  enforce  it  by 
much  practice.  Special  directions  will  be  needed  in  both  physics  and 
chemistry.  For  example,  students  must  be  shown  that  the  bottoms 
of  bottles,  flasks,  cans  etc.,  must  be  represented  by  straight  lines; 
that  rubber  stoppers,  corks  etc.  may  be  indicated  by  crosshatching ; 
that  there  should  be  no  lines  for  the  tops  of  open  bottles,  flasks, 
jars  etc.,  inasmuch  as  these  would  not  show  in  a  cross  section;  that 
the  plane  should  cut  all  essential  parts ;  and  that  no  shading  should 
be  used. 

Laboratory  drawings  should  also  be  well  proportioned.  The 
relative  size  of  the  various  parts  of  the  apparatus  should  be  clearly 
shown.  The  drawings  should  indicate  how  the  various  parts  can 
best  be  aranged  so  as  to  require  a  minimum  of  glass  tubing,  rubber 
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connections,  wire  etc.,  to  assemble  them.  This  is  primarily  a 
matter  for  the  teacher  to  illustrate  in  setting  up  his  model  apparatus 
before  the  class,  but  attention  to  it  in  the  drawings  made  will  serve 
to  impress  it  upon  the  pupil's  mind. 

If  it  is  granted  that  the  ability  to  make  plain,  acxurate,  cross 
section  drawings  is  very  desirable,  the  means  to  be  used  in  securing 
this  ability  merits  consideration.  The  teacher  in  science  will  look 
in  vain  to  the  regular  high  school  work  in  elementary  and  advanced 
drawing  for  much  real  help  along  this  line.  To  secure  satisfactory 
results  the  teacher  must  give  supplementary  instruction  and  train- 
ing. It  would  be  well  to  spend  one  or  more  laboratory  periods  near 
the  beginning  of  the  year  in  explaining  how  cross  section  drawings 
should  be  made  and  in  training  the  class  to  make  good  drawings  by 
actual  work  with  some  given  arrangement  of  apparatus.  The  time 
thus  spent  will  be  more  than  regained  by  the  increased  efficiency 
shown  in  this  respect  during  the  balance  of  the  year.  Every  new 
principle  to  be  illustrated  by  apparatus  in  the  laboratory  should  be 
developed  in  the  classroom  first  by  the  use  of  a  good  sectional 
diagram  on  the  board  explained  before  the  class  by  the  instructor. 
Results  will  be  best  if  the  instructor  skilfully  builds  up  this  draw- 
ing as  he  explains  the  construction.  The  drawing  should  evidently 
be  made  in  the  order  in  which  the  parts  would  be  assembled  or  the 
instrument  studied  in  the  laboratory.  In  addition  to  board  work 
by  the  instructor,  much  free-hand  sketching  on  the  board  and  upon 
|)aper  should  be  done  by  the  class. 

Another  helpful  device  is  indicated  in  the  title  of  this  paper. 
Sets  of  sectional  drawings  may  be  drawn  or  printed  upon  cardboard, 
s(j  that  one  can  be  placed  in  the  hands  of  each  student.  For  these 
drawings  heavy  white  cards  of  uniform  size,  perhaps  5  by  8  inches, 
should  be  used.  Upon  these  should  be  printed  in  firm  black  lines 
cross  section  diagrams  of  all  the  important  machines  and  pieces  of 
api)aratus  in  a)mmon  use,  one  diagram  only  being  printed  on  each 
card.  The  diagrams  should  be  carefully  lettered,  using  so  far  as 
possible  the  initial  letter  of  the  name  of  the  part.  When  apparatus 
illustrating  a  new  principle  is  to  be  taken  up,  the  class  should  be 
supplied  with  these  cardboard  diagrams  and  the  subject  developed 
by  use  of  a  large  drawing  on  the  board  or  by  a  large  wall  chart 
similar  to  that  in  the  pupil's  hands.  As  the  cardboard  drawings 
would  necessarily  be  much  larger  than  those  in  any  textbook,  they 
would  be  corresj>ondingly  easier  to  understand  and  to  remember. 
\  arious  means  will  be  readily  suggested   for  clinching  the   facts 
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shown  in  the  drawings  and  for  fixing  in  mind  the  essentials  of  the 
drawings  themselves.  It  would  be  helpful  if  a  series  of  this  sort 
could  be  published  by  some  of  the  scientific  houses  at  such  a  price 
that  they  could  be  supplied  to  each  pupil  in  our  science  classes. 

It  may  be  suggested  in  closing  that  whenever  we  find  that  our 
students  have  inaccurate  notions  in  regard  to  certain  apparatus  and 
its  purpose,  it  will  be  well  for  us  to  determine  whether  we  are  teach- 
ing them  how  to  draw  what  they  study.  In  many  cases  some 
systematic  work  along  the  lines  indicated  above  will  be  found  very 
beneficial  in  clarifying  and  strengthening  a  pupil's  knowledge. 
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Section  B  — BIOLOGY 

WHY  ARE  THE  IDEALS  OF  BIOLOGY  TEACHING  NOT 
REALIZED? 

A.  G.   CLEMENT,   STATE  EDUCATION   DEPARTMENT,  ALBANY 

A  well  known  teacher  of  biology  recently  said  that  the  papers 
read  at  the  last  meeting  of  this  association  contained  all  the  essen- 
tial points  to  be  observed  in  the  teaching  of  this  subject.  After 
referring  to  those  excellent  papers  I  was  quite  disposed  to  agree 
with  him.  Some  of  the  ideas  advocated  therein  have  been  presented 
in  one  form  or  another  at  nearly  every  meeting  of  this  organiza- 
tion. Let  us  briefly  indicate  them.  Over  and  over  again  it  has 
been  declared  that  students  should  be  taught  to  observe  carefully 
and  to  express  accurately  the  results  of  their  observation ;  that  their 
culture  should  be  increased  by  enlarging  their  outlook  on  the  world 
and  its  phenomena,  in  order  that  they  may  comprehend  the  relation 
and  interdependence  of  plants,  animals  and  man,  thus  developing 
new  interests  which  would  tend  to  make  their  lives  more  useful  and 
happier;  that  they  should  be  taught  how  to  care  properly  for 
their  bodies  in  order  that  health  may  be  preserved  and  the  ability 
to  labor  assured.  It  has  also  been  maintained  that  it  is  the  function 
of  this  study  to  stimulate  the  imagination,  to  teach  the  truths  con- 
cerning life,  to  strengthen  the  intellectual  and  reasoning  faculties 
and  to  create  high  ideals. 

Of  the  advanced  courses  more  is  required;  these  in  addition  are 
expected  to  develop  the  idea  of  evolution,  division  of  labor  and  the 
struggle  for  existence.  The  remarks  in  this  paper,  however,  are 
intended  to  apply  specially  to  the  first  year  course  in  biology  as 
formulated  in  the  syllabus  of  the  Education  Department  of  this 
State. 

That  the  subject  as  taught  in  the  high  schools  does  not  yield  the 
results  desired,  I  know  from  observation  of  the  laboratory  work, 
from  the  answers  given  by  students  when  questioned  in  the  class- 
I corns,  from  examination  of  their  notebooks,  and  from  the  way  in 
which  certain  fundamental  principles  are  often  explained  in  the 
answers  given  to  questions  set  by  the  State  board. 

Since  the  ideals  of  this  course  have  been  presented  so  often  and 
so  carefully,  it  seems  pertinent  to  inquire  why  they  are  not  more 
fully  realized  in  teaching.  In  seeking  for  the  causes  that  make 
for  the  success  or  failure  of  teaching  this  subject,  there  are  at  least 
four  liuniaii  factors  to  be  considered,  viz,  the  men  representing  the 
school  district  as  a  body  politic,  usually  known  as  the  board  of 
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education,  the  parents  or  guardians  of  the  children,  the  teachers,, 
and  the  children  themselves. 

In  discussing  the  influence  of  these  factors  it  should  be  recognized 
that  the  conception  of  the  meaning  of  biology,  as  a  branch  of  study,, 
has  not  yet  become  well  defined  in  the  minds  of  the  public.  It  is 
looked  upon  only  as  another  namie  for  teaching  botany  or  zoology 
or  physiology  as  such,  in  accordance  with  the  old  methods  of  teach- 
ing these  branches,  rather  than  as  a  subject  having  an  educational 
•  value  of  its  own.  Some  teachers  seem  to  entertain  this  idea  and  in- 
struct largely  from  the  point  of  view  of  structure,  often  studying 
only  lifeless  forms  or  sometimes,  relying  on  textbooks  and  using  no 
sj>ecimens.  Such  seem  to  overlook  the  fact  that  biology  is  a  science 
of  living  things,  and  teach  as  though  it  were  a  science  of  lifeless 
things. 

The  first  year  course  in  biology  emphasizes  processes,  regarding 
the  subject  from  the  point  of  function.  This  necessitates  the  study 
of  living  organisms.  If  animals  and  plants  are  to  be  studied  as 
living  organisms,  it  follows  that  schools  must  provide  an  environ- 
ment suitable  for  their  growth,  care  and  comfort.  This  brings  us 
to  a  consideration  of  the  first  factor  respK)nsible  for  the  nature  of 
the  teaching,  the  school  district,  as  a  body  politic,  represented  by  its 
board  of  education  or  trustees.  The  district  has  done  its  part  when 
it  has  contributed  freely  to  the  needs  of  the  school  for  teaching  a 
subject  in  a  proper  manner.  It  would  seem  that  most  boards  of 
education,  through  ignorance  or  parsimony,  fail  to  arrange  and 
equip  laboratories  in  such  a  manner  that  animals  and  plants  can 
grow,  develop  and  have  their  being.  They  are  not  yet  willing  to 
provide  an  animal  room  with  cages  and  aquariums  and  a  small 
conservatory  well  lighted  and  heated  in  which  plants  can  grow 
and  mature ;  as  a  matter  of  fact  four  fifths  of  the  laboratories  now 
used  are  not  provided  with  facilities  for  preserving  a  temperature 
in  which  seedlings  can  live  through  a  cold  night,  unless  the  whole 
building  is  kept  at  the  same  temperature.  In  extenuation  of  allow- 
ing students  to  draw  from  pictures,  rather  than  from  nature,  teach- 
ers often  say  that  their  si>ecimens  froze.  For  the  best  teaching  of 
biology  it  will  not  suffice  if  plants  or  animals  are  observed  only  in 
a  single  phase  of  growth ;  they  should  be  observed  from  day  to  day 
and  records  made  of  the  changes  in  the  organisms  as  they  develop, 
whether  the  objects  studied  are  bean  seedlings  or  tadpoles,  corn 
seedlings  or  caterpillars.  Then  the  studies  becorr^  really  interesting 
and  absorbing. 

The  comparative  method  is  the  true  method  of  biology.     The 
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teacher  used  the  right  method  who  required  her  students  to  collect 
caterpillars  and  care  for  them,  observing  and  recording  the  changes 
that  took  place  as  the  creatures  gradually  wove  their  cocoons  and 
passed  into  a  resting  stage,  emerging  from  their  long  sleep  as  beauti- 
ful butterflies.  In  order  to  secure  good  results  laboratories  must 
be  kept  at  a  temperature  high  enough  to  sustain  plant  and  animal 
life  for  a  period  of  time  longer  than  a  day  or  a  week.  Not  until 
boards  of  education  will  equip  laboratories  for  teaching  biology  as 
adequately  as  they  do  for  teaching  physics,  will  this  subject  be 
taught  so  as  to  realize  the  ideals  set  forth  in  papers  read  at  former 
meetings  of  this  association.  The  first  reason  then  why  the  ideals 
of  biology  teaching  are  not  realized  is  because  boards  of  education 
fail  to  provide  the  conditions  requisite  for  satisfactory  work. 

The  parents  or  guardians  of  the  children  are  a  second  factor 
responsible  for  the  nature  of  the  instruction.  Having  been  educated 
under  a  regime  that  demanded  the  study  of  books  rather  than  of 
things,  they  deride  the  study  of  insects,  earthworms  and  frogs  and 
sometimes  object  to  the  inculcation  of  habits  of  hygiene  and  cleanli- 
ness. Their  attitude  reacts  on  the  minds  of  the  children  and  causes 
them  to  lose  interest  in  the  subject.  This  is  a  second  reason  why 
the  ideals  are  not  realized. 

The  third  factor,  the  teacher,  is  generally  held  responsible  when 
good  results  are  not  accomplished.  This  is  not  always  fair, 
specially  when,  as  in  most  cases,  boards  of  education  and  parents 
have  not  done  their  duty.  Yet,  even  with  the  best  equipment  and 
the  closest  cooperation  of  parents,  the  ideals  of  biology  teaching 
will  not  be  attained  if  the  work  is  in  charge  of  inefficient  teachers. 
There  are  teachers  well  qualified  who  do  the  best  work  pos- 
sible with  a  limited  equipment,  and  there  are  those  who  fail, 
because  they  go  before  their  classes  without  a  well  defined 
plan  of  presenting  the  topics  under  discussion.  There  are  also  good 
teachers  who  are  burdened  with  three  or  four  other  subjects, 
algebra,  English,  history  etc.  so  that  they  are  unable  to  concentrate 
their  energies  and,  of  course  do  not  secure  the  best  results.  Again, 
there  are  teachers  who  assume  to  give  instruction  with  little  or  no 
preparation,  relying  on  their  ability  to  prepare  the  subject  from  day 
to  day.  It  seems  needless  to  say  that  these  invariably  fail.  Some 
industrious  teachers  fail  because  they  do  not  early  in  the  course 
give  the  right  point  of  view.  They  pay  too  much  attention  to  struc- 
ture, when  they  should  emphasize  function ;  they  fail  to  give  demon- 
strations showing  the  nature  of  fundamental  processes  common  to 
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plants,  animals  and  man ;  they  do  not  clearly  teach  the  relation  and 
the  interdependence  of  plants,  animals  and  man;  they  teach  physi- 
olog>%  botany,  and  zoology  as  separate  branches  instead  of  correlating 
the  subject-matter  in  such  a  way  as  to  make  the  students  see  the 
unity  of  these  branches  and  thus  gain  the  biology  point  of  view.  The 
third  reason  then  why  the  ideals  of  biology  are  not  realized  is  be- 
cause many  teachers  do  not  present  the  subjects  in  such  a  way  as  to 
interest  the  students  and  gain  their  attention. 

The  last  factor  to  be  considered  is  the  children.  It  seems  need- 
less to  say  that  they  will  always  become  interested  if  the  subject 
is  properly  taught.  If  teachers  persist  in  presenting  the  three  prin- 
cipal phases  of  the  subject  as  though  they  were  three  distinct  and 
separate  branches  of  study,  the  children  will  not  grasp  the  ideals 
of  biology  teaching.  For  first  year  students  an  elementary  course 
in  biology  creates  more  new  interests,  gives  a  better  training,  brings 
a  wider  outlook  on  the  world  and  its  phenomena,  and  tends  to  de- 
velop a  broader  culture,  than  a  year  course  in  either  botany  or 
zoology  or  physiology. 

To  recapitulate,  the  reasons  why  the  ideals  of  biology  teaching 
are  not  more  fully  realized  are  because  the  course  is  not  presented 
as  a  unit  with  proper  correlation  of  its  various  phases ;  because  some 
teachers  are  not  well  prepared  for  the  work  or  are  not  allowed  to 
give  adequate  time  to  the  preparation  and  presentation  of  the  les- 
sons; because  parents  do  not  recognize  the  value  of  the  study  of 
living  organisms  and,  because  boards  of  education  fail  to  provide 
well  equipped  laboratories.  When  conditions  are  improved,  the 
children  will  show  their  appreciation  by  grasping  the  ideals  of  the 
subject  and  embodying  them  in  their  lives  and  characters. 
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THE  PRESENT  AND  FUTURE  OF  PHYSIOLOGY  IN  THE  HIGH 

SCHOOL 

CHARLES  G.  ROGERS,  SYRACUSE  UNIVERSITY 

During  the  past  several  years  in  examining  the  notebooks  of 
Students  about  to  enter  college,  in  talking  with  pupils  and  teachers, 
in  correspondence  with  various  teachers  throughout  the  State  and  in 
other  ways  I  have  been  more  and  more  impressed  with  the  fact  that 
the  present  teaching  of  physiology  in  the  average  high  school  of  the 
State  is  not  attaining  the  high  ideal  we  would  be  glad  to  see,  nor  is 
it  even  keeping  pace  with  the  teaching  of  many  other  subjects  of  the 
high  school  curriculum  in  the  development  of  the  intellectual  powers 
of  the  pupils. 

The  causes  of  this  failure  are  numerous  and  arise,  in  some 
measure,  at  least,  from  a  misapprehension  of  the  nature  of  the  sub- 
ject to  be  considered.  I  am  not  so  sanguine  as  to  believe  that  you 
will  agree  with  all  that  may  be  said  in  this  paper,  but  it  is  my  hope 
that  you  will  agree  that  what  is  said  is  in  a  spirit  of  fairness  and 
not  of  hostile  criticism.  It  is  not  the  desire  of  the  college  men  to 
antagonize  in  any  way  the  teachers  of  the  high  schools,  but  rather 
to  work  with  them  in  building  up  within  the  borders  of  our  common- 
wealth a  system  of  instruction  which  shall  render  our  boys  and 
girls  second  to  none  in  their  ability  to  cope  with  life  in  all  its  varied 
phases.  Any  system  which  fails  to  add  to  the  cultural,  informa- 
tional, and  practical  sides  of  our  education  fails  to  some  extent  in 
the  work  for  which  it  was  designed. 

We  have  in  the  State  of  New  York  a  requirement,  so  well  known 
to  you  as  only  to  need  mention,  that  in  the  first  year  of  the  high 
school  there  shall  be  taught  a  minimum  number  of  lessons  of 
human  physiology,  a  certain  definite  percentage  of  which  shall  be 
given  up  to  the  consideration  of  the  eflFects  of  alcohol  and  other 
narcotics  upon  the  organism. 

Without  discussing  at  this  point  the  pros  and  cons  of  the  tem- 
perance feature  of  the  work,  it  is  only  fair  to  say  that  this  require- 
ment has  not  met  with  the  enthusiastic  support  of  the  teachers  of 
the  State,  whose  cooperation  is  thoroughly  essential  to  the  satis- 
factory application  of  the  law  in  question.  That  temperance  in- 
struction in  the  schools  is  imperative  may  be  accepted  as  a  fact  that 
needs  no  further  demonstration,  but  whether  the  course  in  physi- 
^^^'^^'j  with  its  limited  time  and  great  ground  to  cover,  is  the  place 
for  it  is  a  question  worthy  of  serious  consideration.  By  the  time 
he  pupil  has  arrived  at  the  high  school,  he  has  had  poured  into  him 
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during  his  stay  in  several  grades  more  or  less  of  the  facts  of  human 
physiology.  These  graded  studies  have  been  presented  in  many 
cases,  in  a  perfunctory  manner,  by  teachers  whose  knowledge  of  the 
subject  is  bounded  by  the  covers  of  the  book  used. 

The  statement  just  made  may  seem  harsh,  but  that  it  is  accurate 
beyond  question  there  is  no  possible  doubt.  Under  such  conditions 
it  is  not  difficult  to  see  that  the  teaching,  whatever  the  intention  of 
the  teacher,  will  be  lacking  in  that  directness  and  inspiration  which 
have  so  much  to  do  with  the  proper  direction  of  the  minds  of  the 
pupils.  The  work  is  of  necessity  very  largely  a  matter  of  repeti- 
tion. The  same  facts  are  gone  over  time  after  time,  the  language  of 
the  book  is  the  language  of  both  pupil  and  teacher  alike,  and  in 
both  instances  likely  to  be  the  mere  pronouncement  of  words  rather 
than  the  expression  of  live  thoughts.  Few  new  facts  are  discovered, 
few  new  ideas  are  gained,  old  thoughts  wear  the  same  clothes  day 
after  day  and  term  after  term.  Is  it  to  be  wondered  at  that  the 
pupils  can  not  understand  why  they  are  required  to  repeat  so  often 
the  nauseating  dose,  or  that  they  have  an  attack  of  brain  fag  at  the 
time  the  class  in  physiology  is  called? 

Now  not  all  teachers  are  of  the  type  which  has  been  described. 
There  are  those  whose  work  is  thoroughly  and  conscientiously  done. 
I  can  recall  with  pleasure  the  teaching  of  a  certain  woman  who 
taught  for  the  pleasure  of  teaching,  the  pleasure  of  seeing  the  young 
mind  grow  under  her  direction,  and  not  from  any  mercenary  motive. 
Under  her  direction  I  learned  a  few  facts  that  have  stuck  through 
the  years  that  have  passed,  but  they  have  remained  because  she  made 
us  see  that  she  knew  whereof  she  spoke  and  was  not  limited  in  her 
knowledge  by  the  pages  of  the  book. 

When  the  pupil  comes  into  the  high  school  he  finds  that  he  is 
obliged  to  take  another  does  of  a  medicine  that  has  already  become 
distasteful.  His  human  nature  revolts,  in  many  cases,  and  he  at- 
tempts to  slight  the  work.  So  a  bad  matter  becomes  worse.  These 
facts  have  been  brought  out  through  inquiries  made  in  various 
quarters  and  may  be  accepted  as  true,  even  though  not  flattering. 

Many  high  school  principals  and  teachers  have  come  to  regard 
the  work  in  physiology  as  somewhat  of  a  farce.  And  I  take  it  that 
this  attitude  has  not  been  assumed  on  account  of  any  desire  on  the 
part  of  the  teacher  not  to  do  the  thing  that  is  best  for  the  student, 
but  rather  because  they  as  teachers  have  been  required  to  do  a 
thing  which  is  practically  impossible  —  namely,  to  teach  a  subject 
at  a  time  and  in  a  place  in  the  curriculum  where  it  does  not  belong. 
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They  have  made  the  attempt,  and  have  met  with  a  lack  of  success 
which  has  led  to  discouragement,  with  its  attendant  evils.  Long 
ago  the  colleges  of  the  State  refused  to  accept  physiology  as  an  en- 
trance subject  and,  for  the  reason  that  in  their  opinion  the  work 
was  not  of  the  same  high  grade  as  that  of  the  other  subjects  which 
were  presented  for  entrance  to  college. 

In  making  these  statements  I  am  not  seeking  to  place  the  blame 
upon  the  teacher,  for  it  is  my  firm  conviction  that  the  fault  lies 
rather  with  the  system  which  requires  a  teacher  to  attempt  the  im- 
possible, and  with  the  school  board  which  encourages  the  young 
and  inexperienced  teacher  to  believe  she  can  do  a  thing  for  which 
she  has  not  pretended  to  make  any  adequate  prejparation. 

There  is  no  question  that  the  teacher  of  physiology  needs  special 
training  in  order  to  be  prepared  to  do  the  work  in  a  proper  way. 
A  single  instance  showing  the  attitude  of  the  authorities  of  the 
school  toward  the  subject  will  suffice.  In  the  school  in  mind  only  so 
much  physiology  is  taught  as  is  necessary  to  meet  the  legal  require- 
ment, and  this  not  in  the  form  of  well  connected  lessons  requiring 
some  attention  on  the  part  of  the  pupils  but  as  a  series  of  isolated 
experiments,  without  previous  instruction  as  to  the  meaning  of  the 
experiment,  or  any  subsequent  discussion  as  to  the  application  of  the 
principles  involved. 

The  kind  of  physiology  taught  in  the  high  schools  is  doubtless  one 
of  the  sources  of  the  lack  of  interest.  School  boards  and  even 
some  principals  have  been  content  to  consider  anything  as  physiology 
which  has  to  do  with  the  functions  of  the  body.  A  variety  of 
textbooks  has  been  put  upon  the  market  by  enterprising  publishers. 
Some  of  these  have  in  them  much  of  good,  others  much  of  harm  and 
actual  inaccuracy.  Certain  texts  have  been  unable  to  make  a  place 
for  themselves  in  the  schools  because  they  have  failed  to  pass  the 
censorship  of  the  Women's  Qiristian  Temperance  Union,  when  as 
a  matter  of  fact  they  are  far  better  books  for  school  use  than  others 
which  are  accepted.  School  boards  have  been  preyed  upon  and  have 
been  induced  to  introduce  the  book  of  some  certain  house  without 
attempting  to  discover  whether  the  lower  price  of  the  book  chosen 
was  in  any  way  related  to  the  quality  of  the  material  contained 
therein.  In  many  cases  the  school  boards  have  no  doubt  acted  in 
perfect  innocence,  as  well  as  ignorance.  In  other  cases  there  is  the 
intimation  that  undue  influence  may  have  been  employed  to  bring 
about  the  end  in  view. 

Another   factor  in  putting  the  teaching  of  physiology  upon  the 
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level  where  it  is  at  the  present  time  is  the  attitude  of  school  boards 
upon  the  compensation  which  should  be  received  by  a  teacher  and 
the  amount  of  class  work  that  the  teacher  should  be  called  upon  to 
do  in  order  to  hold  a  certain  position.  It  is  perfectly  absurd  to 
think  that  a  teacher  can  teach  a  half  dozen  different  subjects  to 
large  classes,  conduct  laboratory  work  involving  the  collection  and 
preparation  of  material,  the  setting  up  of  apparatus  etc.,  examine 
notebooks,  correct  exercises  of  one  sort  or  another  and  do  all  as 
well  as  it  ought  to  be  done.  If  the  teaching  is  worth  doing  at  all 
it  is  worth  doing  well,  and  it  can  not  be  done  well  when  the  teacher 
is  overburdened  by  work. 

The  teacher  for  any  given  course  should  be  chosen  because  of 
fitness  for  that  particular  work,  and  should  not  be  required  to  sacri- 
fice her  own  self-respect  and  the  best  interests  of  the  pupils  by  at- 
tempting to  teach  a  subject  which,  from  her  own  confession,  she  is 
unfitted  to  undertake.  I  have  personal  knowledge  of  more  than 
one  teacher  in  the  State  who  is  doing  work  for  which  she  does  not 
claim  to  be  prepared,  and  simply  because  it  has  been  forced  upon 
her.  You  may  say  that  she  ought  to  refuse  to  do  the  work.  Per- 
haps so,  but  she  would  answer  that  the  call  for  life  is  stronger  than 
the  sense  of  duty  she  feels  toward  her  fellows.  I  have  no  doubt 
at  all  that  that  very  reason  would  be  given  in  many  cases  if  a 
reason  were  called  for. 

The  manner  in  which  the  course  is  conducted  in  the  various 
schools  is  another  reason  for  the  varied  results  obtained.  In  some 
schools  the  subject  has  been  taught  simply  as  a  text  subject,  with- 
out either  laboratory  work  or  demonstration.  As  such  the  course 
has  not  been  able  to  meet  the  needs  of  the  pupils.  In  other  schools 
there  has  been  a  combination  of  text  and  laboratory  work  under  the 
guidance  of  a  teacher  with  scientific  impulses  and  training.  Here 
the  results  have  been  of  a  kind  to  indicate  that  if  physiology  is  not 
a  success  in  the  high  school  it  is  not  entirely  the  fault  of  the  pupil. 
Is  it  not  time  that  we  as  teachers  of  science  should  see  to  it  that  the 
teaching  of  our  courses  should  be  of  the  highest  order  attainable? 
I  wish  to  enter  a  protest  against  the  teaching  of  any  subject  in  a 
half  hearted  or  inadequate  way.  And  I  do  this  on  account  of  the 
moral  effect  of  the  teacher's  attitude  upon  himself  and  upon  the 
pupil.  The  high  school  pupil  is  a  human  being  with  well  developed 
powers  of  discernment  —  along  certain  lines.  Any  pretense  or 
bluff  on  the  part  of  the  teacher  is  recognized  by  the  pupil  as  readily 
as  by  the  teacher  and  results  in  the  loss  of  confidence  and  respect 
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for  authority  which  must  exist  in  the  school  if  any  work  of  per- 
manent value  is  .to  be  accomplished. 

During  the  past  lo  years  there  has  been  much  done  toward  a  re- 
organization of  the  science  courses  in  the  high  school.  The  courses 
in  chemistry  and  physics  have  received  most  careful  attention  and 
at  the  present  time  these  subjects  are  presented  in  very  many  of  the 
schools  of  the  State  in  a  thoroughly  dignified,  honest,  scholarly 
way.  Those  who  have  been  instrumental  in  bringing  about  these 
new  courses  of  study  are  to  be  congratulated  upon  the  results  of 
their  self-sacrificing  labors. 

There  has  also  been  an  attempt  made  during  the  past  few  years 
to  reorganize  the  work  in  biology.  The  first  year  course  outlined 
in  the  syllabus  together  with  the  courses  in  botany  and  zoology  form 
the  basis  of  the  work  done  in  the  schools  of  the  State.  The  way 
in  which  these  different  subjects  are  treated  in  the  different  schools 
of  the  State  is  very  interesting.  Some  schools  now  offer  a  full 
year  of  botany  in  addition  to  the  first  course,  some  a  full  year  of 
zoology,  some  a  half  year  of  each,  and  some  no  work  beyond  the 
first  course.  The  conditions  under  which  different  schools  are 
working  will  account  for  some  of  this  difference,  and  yet  it  is 
apparent  that  the  variation  in  the  amount,  and,  I  think,  the  quality, 
of  the  work  is  much  greater  than  would  be  found  in  either  chemistry 
or  physics. 

There  is  also  a  difference  of  opinion  as  to  the  teachableness  of 
the  first  year  course  as  it  is  now  laid  down.  Some  teachers  have 
expressed  to  me  their  great  approval  of  the  course,  saying  that  they 
have  met  with  great  success  in  their  teaching,  that  the  interest  shown 
by  the  pupils  was  beyond  their  hopes  etc.  Others  have  expressed 
the  opposite  view  and  have  said  that  they  did  not  understand  how 
one  could  hope  to  do  much  with  a  class  under  the  present  condi- 
tions.    It  is  evident  that  there  are  two  sides  to  the  question. 

There  arc  some  things  that  can  be  said  of  the  course.  It  is  at 
present  a  three  headed  subject,  botany,  zoology  and  physiolog}'.  As 
such  it  is  a  misnomer  to  call  it  biology.  The  course  is  lacking  in 
unity,  and  if  there  is  any  place  in  the  high  school  course  where  a 
well  unified  course  is  needed  it  is  in  the  first  year.  I  can  readily 
understand  that  a  well  equipped  teacher  could  cover  the  points  laid 
down  in  the  syllabus  and  give  a  logical,  scientific  course  in  biology. 
And  I  can  further  understand  that  another  teacher  lacking  in  train- 
ing could  cover  exactly  the  same  points  and  leave  the  pupils  in  a 
mazj  of  bewilderment  which  would  forever  destroy  in  them  any 
taste  for  things  biological. 
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One  question  which  should  have  consideration  by  the  teachers  of 
biology  of  the  State  is  whether,  in  the  reorganization  of  the  courses 
in  biology,  physiology  should  have  any  place.  What  claims  can  the 
subject  present  which  those  in  charge  of  our  biological  destinies 
shall  be  bound  to  respect  ? 

1  Physiology  is  a  science,  broad  and  general.  The  time  has  not 
been  so  very  long  in  which  we  have  been  able  to  make  that  state- 
ment truthfully.  But  we  are  now  at  a  time  when  we  can  say  that 
we  do  have  a  fund  of  knowledge  of  the  functions  of  the  living 
organism  gained  through  systematic  observation,  through  experi- 
ment, and  which  is  properly  arranged  and  systematized.  The 
method  of  physiology  is  scientific.  Certain  facts  are  observed. 
From  these  facts,  properly  related  to  each  other,  we  are  in  position 
to  draw  certain  conclusions  concerning  the  fundamental  properties 
of  living  matter,  or  deduce  the  laws  that  control  the  actions  of  the 
animal  under  certain  definite  conditions. 

2  Physiology  is  a  general  science,  and  so  has  a  claim  upon  our 
attention.  In  our  weakness  and  narrowness  we  are  accustomed  to 
apply  the  term  only  to  the  human  and  so  refer  to  a  very  circum- 
scribed field.  The  subject  is  as  broad  as  life  itself.  Living  matter 
of  every  sort  and  description  comes  within  its  bounds.  So  long  as 
we  deal  with  the  actions  and  functions  of  the  living  substance  we  are 
dealing  with  physiology  pure  and  simple.  When  we  limit  our  sub- 
ject to  the  actions  and  functions  of  one  animal  and  that  a  very  much 
specialized  one,  we  are  losing  some  of  the  breadth  of  view  and  some 
of  the  scientific  inspirations  which  come  from  the  consideration  of 
life  in  its  more  varied  forms.  It  is  sometimes  hard  for  the  teacher 
to  remember  that  function  is  the  fundamental  thing  instead  of 
structure  and  to  remember  to  ask  the  question  how  does  the  animal 
do  this  or  that  thing  instead  of  "  what  is  this  structure  for  ?"  With 
the  breadth  of  view  involved  in  the  more  general  study  comes  a  new 
idea  of  the  vastness  of  life  and  the  value  of  life  as  well.  Physiolo- 
gists have  been  accused  of  lacking  a  proper  respect  for  the  value  of 
life.  My  own  experience  leads  me  to  say  that  the  man  who  has 
the  greatest  respect  for  life  is  the  man  who  has  come  nearest  to  the 
secret  of  what  life  is  and  knows  better  than  any  one  else  the  great- 
ness of  the  mysteries  locked  up  within  the  compass  of  the  living 
cell. 

3  Physiology  is  coming  more  and  more  to  be  classed  as  an  exact 
science.  As  a  science  it  is  young.  The  one  great  reason  for  the 
snaillike  pace  of  the  development  of  the  science  is  that  men  did  not 
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for  a  long  time  realize  the  importance  of  giving  to  it  the  same 
painstaking  care  and  thought  they  were  willing  to  give  to  the  other 
sciences.  This  attitude  arose  in  part  from  the  fact  that  the  ex- 
planation of  the  acts  of  the  living  organism  was  thought  to  be 
beyond  the  grasp  of  the  mortal  mind.  Even  the  medical  colleges 
have  been  greatly  at  fault  in  this  regard.  We  are  now  beginning 
to  see  that  the  living  substance  does  give  rewards  for  careful  ob- 
servation and  that  the  answers  to  some  of  the  questions  put  are 
really  more  uniform  than  some  have  professed  to  believe.  We  no 
longer  feel  that  the  functions  of  the  protoplasmic  cells  are  entirely 
beyond  our  ken.  It  is  becoming  more  and  more  possible  to  pre- 
dict with  certainty  what  a  given  cell  will  do  under  definite  condi- 
tions. We  are  beginning  to  find  out  how  the  cell  goes  to  work  to 
do  some  of  the  things  that  form  a  part  of  its  daily  work.  There 
are  other  things  that  we  do  not  know  and  may  not  for  a  long  time  to 
come.  The  fact  that  we  do  not  know,  however,  no  longer  makes 
us  feel  that  we  can  not,  but  rather  encourages  us  to  press  on  to  find 
out  some  of  the  things  that  are  just  at  our  hands  waiting  to  be 
picked  up  and  made  of  use. 

We  are  beginning  to  recognize  in  the  activities  of  the  cells  of 
our  bodies  the  workings  of  some  of  the  forces  of  physics  and  chem- 
istry with  which  we  are  already  acquainted.  We  are  learning  to 
apply  the  knowledge  gained  in  other  branches  of  science  to  the 
problems  of  the  living  cell,  and  with  considerable  success.  We  are 
beginning  to  put  cells  and  tissues  to  the  tests  of  physical  and  chem- 
ical laws  and  are  finding  out  that  some  of  the  things  we  thought  of, 
not  so  very  long  ago,  as  belonging  to  the  realm  of  the  mystical  and 
the  unknowable  are  really  explainable  after  all.  It  is  not  my  wish 
to  convey  the  impression  that  we  are  likely  to  solve  all  the  myster- 
ies of  life  in  the  immediate  future,  but  simply  to  make  it  clear  that 
we  are  making  progress  of  a  very  satisfactory  sort. 

There  are  comparatively  few  fundamental  processes  to  be  con- 
sidered in  the  study  of  the  living  organism  and  these  are  all  of  a 
type  which  require  previous  definite  knowledge  along  physical  and 
chemical  lines.  Some  of  our  teachers  have  recognized  this  fact  and 
have  included  in  the  first  part  of  the  course  in  physiology  a  series 
of  experiments  in  physics  and  chemistry.  These  have  served  in  a 
way  to  give  the  student  somewhat  of  an  idea  of  what  a  reaction  is, 
but  they  have  been  simply  a  means  to  an  end  and  can  not  be  con- 
sidered as  in  any  rcs])cct  an  adequate  preparation  for  the  work 
which  is  to  follow.     So  if  physiology  is  to  mean  anything  to  the 
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student  he  must  have  had  a  course  in  physics  or  chemistry,  pre- 
ferably the  latter  if  only  one  be  possible. 

Another  fact  needing  consideration  is  that  before  the  student  can 
have  any  adequate  appreciation  of  the  function  of  an  organ  or  an 
organism  he  must  be  more  or  less  familiar  with  the  form  and 
structure  of  the  part  under  discussion.  It  seems  to  me  a  mistake 
to  make  the  course  in  physiology  so  largely  a  course  in  anatomy  as 
has  been  done  in  the  past.  The  time  is  needed  for  the  study  of 
function  and  there  is  plenty  to  take  all  the  time  available  without 
making  any  elaborate  structural  study  in  the  course.  It  will  of 
course  be  impossible  to  cut  out  all  matters  of  structure,  but  they  can 
be  trimmed  down  very  much  to  the  betterment  of  the  course.  The 
typical  structure  of  the  animal  body  can  be  gained  in  the  study  of 
zoology,  or  in  the  first  year  course  in  biology,  if  that  shall  keep  its 
place  in  our  curriculum. 

You  will  say  that  I  am  making  demands  which  are  impossible  to 
meet.  I  contend  that  it  is  the  subject  that  makes  the  demands  and 
not  the  writer  of  this  paper.  No  one  would  think  of  teaching 
algebra  to  a  pupil  before  he  had  been  instructed  in  the  elemental 
processes  of  arithmetic;  no  more  should  an  attempt  be  made  to  teach 
to  a  student  the  functions  of  a  living  body  before  he  is  in  position 
to  appreciate  the  structures  and  physical  and  chemical  principles 
involved. 

It  will  be  apparent  from  what  has  been  said  that  if  the  physiology 
of  the  high  school  is  to  attain  the  ideal,  or  even  approach  the  value 
of  chemistry  and  physics  as  mental  training,  it  can  not  be  relegated 
to  a  small  part  of  the  first  year  of  the  high  school  course,  but  that 
it  must  have  a  place  in  one  of  the  later  years  of  the  course,  following 
the  other  subjects  which  have  been  shown  to  be  prerequisite.  By 
that  preparation  and  that  only  is  the  student  ready  to  enter  upon 
the  more  complicated  study  of  functions.  Many  will  say  that  the 
upper  years  of  the  high  school  course  are  already  too  full.  Per- 
haps they  are  —  of  things  that  need  not  be  there.  The  high  school 
curriculum  must  be  arranged  according  to  the  demands  of  the  sub- 
jects taught  and  not  according  to  the  desire  of  every  teacher  to  have 
in  his  own  classes  the  more  matured  and  better  prepared  students. 

Where  in  the  course  shall  physiology  be  given?  To  my  mind  the 
course  should  be  placed  upon  the  same  basis  as  the  more  advanced 
courses  in  botany  and  zoology  and  not  made  a  part  of  a  three  headed 
course  in  the  first  year  of  the  high  school.  Of  course  it  is  under- 
stood that  legislative  action  would  be  necessary  to  bring  about  this 
change  and  that  it  could  not  be  brought  about  in  a  minute. 
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It  naturally  follows  that  the  course,  if  placed  in  one  of  the  later 
years  of  the  high  school,  can  hardly  be  required  of  all  students. 
There  are  many  demands  upon  the  time  of  the  pupils  and  one  could 
not  expect  a  very  large  percentage  of  students  to  take  up  a  subject 
for  which  the  prerequisites  are  so  great.  Those  who  have  real 
scientific,  biological  tendencies  may  be  depended  upon  to  find  their 
way  into  and  through  a  course  thus  placed. 

What  are  the  subjects  which  would  demand  attention  in  such  a 
course?  We  must  first,  last,  and  all  the  time  keep  in  mind  the  fact 
that  we  are  dealing  primarily  with  functions  and  not  with  struc- 
tures except  in  so  far  as  the  structure  makes  the  carrying  on  of  the 
function  a  possibility.  The  structures  are  the  mechanisms  f 
carrying  on  the  daily  work  of  the  animal.  Inasmuch  as  the  sub- 
ject is  broad  we  would  attempt  to  discover  the  ways  in  which  the 
different  fundamental  activities  are  carried  on  in  a  series  of  differ- 
ent animal  groups.  The  work  would  then  be  comparative  instead 
of  special.  For  example  we  might  consider  locomotion  as  one  of 
the  activities  of  the  animal.  How  is  the  locomotor  movement  ef- 
fected in  a  number  of  animals?  Consider  the  amoeba,  paramoe- 
cium.  hydra,  a  worm,  a  snail,  crayfish,  insect,  salamander,  fish,  frog, 
man  in  this  regard.  The  comparative  study  of  this  one  function 
will  give  the  student  a  now  conception  of  cilia,  muscle  bands  and 
.skeleton  designed  to  accomplish  for  these  different  animals,  under 
dissimilar  conditions,  one  and  the  same  thing. 

Under  circulation  we  may  take  the  same  series  of  animals.  First 
may  come  the  question  as  to  the  necessity  of  a  circulating  medium 
at  all.  A  comparison  of  'the  different  forms  will  show  the  simplest 
forms  of  animals  with  no  circulatory  system  at  all;  then  a  little 
higher  up  in  the  animal  scale  we  find  that  the  food  matters  are 
taken  into  a  hollow  bag  and  washed  back  and  forth  in  order  that  all 
the  cells  forming  the  structure  may  have  an  opportunity  to  get  a 
food  supply.  Then  still  higher  up  we  find  a  definite  blood  system, 
but  of  low  degree  of  complexity ;  the  higher  we  go  through  the 
animal  series  the  more  perfect  does  the  system  become  until  we 
come  to  that  of  the  mammal. 

How  is  the  taking  up  of  oxygen  and  the  giving  off  of  carbon  di- 
oxid  provided  for  in  the  different  animals?  Do  animals  really 
need  oxygen?  If  so  do  all  need  an  equal  amount  in  proportion  to 
size?  What  is  the  effect  of  the  lack  of  oxygen?  How  is  each 
animal  adapted  to  his  particular  environment? 

In  a  similar  wny  may  be  taken  up  the  different  processes  of  meta- 


I(^o8]  PHYSIOLOGY    IN    THE    HIGH    SCHOOL  II3 

holism  —  the  mechanical  features  involved  in  food  getting,  the  di- 
gestion of  food  either  in  the  cells,  as  in  the  case  of  some  of  the 
lower  animals,  or  in  specially  constructed  tubes  through  the  agency 
of  enzymes^  and  then  the  absorption  of  the  digested  food  through 
the  wall  of  the  tube,  its  transportation  to  the  more  remote  parts  of 
the  body,  and  finally  the  building  up  of  new  protoplasm  together 
with  the  removal  of  the  waste. 

We  may  also  consider  the  ways  in  which  animals  come  to  an  ap- 
preciation of  things  outside  of  themselves  —  the  gradual  specializa- 
tion of  the  property  of  irritability  as  we  pass  upward  along  the 
series,  until  at  the  upper  limit  we  come  to  animals  having  a  number 
of  well  defined  special  senses,  carrying  in  to  the  nervous  centers 
messages  which  serve  to  direct  conduct,  give  pleasure  and  promote 
the  general  welfare  of  the  individual. 

A  topic  not  generally  given  the  attention  it  deserves  is  that  of 
reproduction.  In  the  ordinary  course  in  human  physiology  it  is 
not  easy  to  consider  the  topic  in  a  way  that  is  satisfactory.  By  mak- 
ing use  of  the  comparative  method  it  is  not  only  possible  but  very 
natural  to  discuss  the  meaning  of  reproduction  —  to  indicate  the 
marvelous  beauty  and  wisdom  apparent  in  the  method  by  which  a 
race  of  animals  is  continued  from  one  generation  to  another.  In- 
stead of  being  a  subject  tabooed  and  indicative  of  degeneracy  it 
comes  to  be  one  of  vast  meaning  and  true  sacredness,  as  the  pupil 
learns  the  wondrous  possibilities  and  mysteries  locked  up  within  the 
minute  cell.  I  really  believe  that  much  of  wrong  thinking,  wrong 
living,  loss  of  health,  and  even  of  Hfe  may  be  avoided  if  we  as 
teachers  take  the  proper  stand  upon  this  matter  and  make  the  at- 
tempt to  direct  the  minds  of  the  youth  along  legitimate  and  proper 
channels. 

How  can  all  this  be  accomplished?  I  confess  that  the  answer  is 
not  simple.  That  other  teachers  are  asking  the  same  question  is 
certain ;  and  that  some  are  taking  somewhat  of  the  position  as  has 
been  set  forth  is  also  evident  from  the  fact  that  textbooks  leading 
in  tlic  same  direction  are  upon  the  market. 

The  textbook  I  should  like  to  see  has  not  yet  appeared.  If  the 
teachers  of  the  State  give  encouragement  I  have  no  doubt  that  the 
necessary  text  will  appear.  The  laboratory  outlines  have  also  to  be 
written.  There  are  plenty  who  would  be  glad  to  undertake  the 
work  if  there  were  any  reasonable  demand  for  such. 

Laboratory  study  could  and  would  form  a  large  part  of  such  a 
course  as  has  been  mentioned.     The  text  work  would  be  correspond- 
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ingly  reduced.  The  stiulent  would  gain  from  his  own  observations  a 
large  part  of  the  facts  which  would  form  the  subject-matter  of  the 
course.  In  this  way  the  work  would  become  truly  scientific,  and 
would  take  its  place  upon  the  same  plane  as  the  other  sciences  of 
the  high  school  course  that  have  met  with  such  signal  success. 

I  can  hear  the  teachers  say  "  How  am  I  to  conduct  such  a 
course  ?  "  It  will  require  work.  It  will  mean  previous  planning.  It 
may  even  mean  that  the  teacher  will  have  to  do  what  many  other 
teachers  have  already  done  —  take  the  summer  vacation  for  a 
course  of  study  at  one  of  the  summer  sessions  of  the  colleges,  or 
at  one  of  the  marine  laboratories.  I  can  imagine  many  fates  worse 
than  spending  the  hot  days  of  July  and  August  in  the  cool  labora- 
tories studying  the  activities  of  our  little  friends  whose  every  move 
and  act  brings  out  something  new  and  attractive. 
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RECENT  PROGRESS  IN  ARTIFICIAL  ILLUMINATION 

H.     MONMOUTH    SMITH,    SYRACUSE    UNIVERSITY 

Mr  President  and  Members  of  the  Nezv  York  State  Seience 
Teachers  Association:  When  your  president  asked  me  to  prepare 
a  paper  for  this  meeting  which  might  be  of  general  interest  to  all 
sections,  I  immediately  thought  of  the  subject  announced  to  you. 
It  was  not  until  I  began  to  prepare  my  notes,  however,  that  I  fully 
realized  the  great  advance  which  has  been  made  in  this  field  in  the 
last  five  years,  and  in  order  to  keep  within  the  allotted  time,  it  will 
be  impossible  for  me  to  more  than  mention  some  of  these  changes. 

It  is  doubtful  if  many  of  us  appreciate  the  vast  interests  which 
are  centered  in  the  production  of  artificial  light.  According  to  a 
recent  article  in  the  Scientific  American  the  annual  production  of 
artificial  illuminants  in  the  United  States  is  valued  at  $360,000,000, 
with  an  annual  output  of  supplies  of  $180,000,000  more.  These 
figures,  amounting  to  over  half  a  billion  dollars,  show  us  the  vast 
interests  which  are  involved,  as  well  as  the  great  prizes  which  are 
to  be  won  by  the  inventor  who  puts  upon  the  market  a  desirable 
form  of  illumination. 

Before  speaking  of  some  of  these  improvements,  it  may  be  well 
to  consider  for  a  few  minutes  the  principles  of  illumination  in 
order  that  we  may  better  understand  the  requirements  placed  upon 
the  manufacturer.  The  human  eye  is  so  constructed  that  it  can 
not  stand  the  direct  rays  from  a  brilliant  source  of  light  but  must 
have  those  rays  coming  to  it  from  a  point  either  above  or  behind 
the  range  of  vision.  Moreover  these  rays  must  be  of  nearly  uni- 
form intensity. 

In  order  that  comparisons  may  be  made  between  different  sources 
of  light,  some  standard  must  be  selected,  and  the  one  generally 
recognized  is  the  so  called  "  standard  candle."  The  illumination 
from  a  standard  candle  at  a  distance  of  i  foot  is  called  a  "  foot 
candle  "  and  the  number  of  candles  per  square  inch  of  the  light- 
giving  surface  is  called  the  "  intrinsic  brightness "  of  the  light. 
This  intrinsic  brightness  varies  widely  as  seen  in  table  i. 
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TABLE   I 

..     t^.y  .>LAaiaiKi»  in  candlepower  per  square  inch  (Bell) 

6co  000 

.:..»l..ii      500  OCX) 

■-.:--.  2000 

'  ,:  .  10  ODD  to  TOO  COO 

J..-.  I  OCO 

«i»if   joo  to  300 

■  .  .  \a...v.  75  to  TOO 

'.     .  «.  .1  .\^,\^  20  to  25 

'-..i.        3  to  8 

3  to  4 

..  ■.•.KjiKW.  us  from  these  strong  lights,  nature  has  furnished  the 

..Lii  f.s  .uljustablc  diaphragm,  which  regulates  to  a  certain  ex- 

ac  t.funmt  of  light  that  is  admitted  to  it.    The  attempt  of  the 

v   ihi.it  out  this  brilliant  light  results  in  reducing  the  field  of 

-    ..    tiid  making  the  surrounding  areas  appear  darker,  as  may 

••     .v.i.v\-d   when  passing  along  a  street  lighted  by  unshaded  arc 

i   .4....     PitYusing  this  intense  light  by  means  of  opal  or  ground 

;  .»..    shades  allows  the  iris  to  open  and,  as  more  light  then  enters 

■!i:.    j>v.  we  can  see  better  although  the  intensity  of  the  light  has 

'"w..  'vduced.     It  might  be  noted  in  this  connection  that  the  way 

■...i..»    siudcnts  have  of  lighting  their  studies  is  wrong.     There  is 

,....  ally  a  strong  light  on  the  desks  while  the  rest  of  the  room  is 

:   ..•■jijKirativc  darkness,  and  whenever  the  eye  wanders  from  the 

iii  .,L;'iily   ilhr.iiiiialcd  tabic  it  meets  a  strong  contrast  of  light  and 

.i.i.'i'  wliich  produces  a  strain  upon  the  eye.    The  better  way  is  U.) 

;.:«.-Mdc    f'.>r   a  general   illumination   of   the   entire   room   and   then 

■ij  .iddition  to  have  as  slronj;  a  light  iiiM:m  the  object  as  may  be 

5ii.\c^>ary  inr  the  work  in  hand.     Jt  has  b.cn   found  that  readings 

i:»..!  vvriliiii:^  require  le^s  light  than  any  other  ft^rm  of  close  ocular 

.^■.•ik  "11  accmiiit  i.^l*  the  sharp  contrast  between  the  type  and  the 

'Mpcr.      A    well    i)rintod    hock   can   l)c    read    comfortably    with    an 

li'inninatiMii  n\   i  can dl-.'- foot  while  for  special  w<.)rk  like  engraving 

'he  iliiniiinatiiin  ^IiduM  be  a>  hii^di  as  5  candle- foot. 

The  law-  cf  retlcctiMii  arc  ^o  well  known  as  to  scarcely  make 
Necessary  a  -talcnitiii  of  tlu-ni.  The  smo<uher  the  surface,  the 
.i^reatcr  i-  tlic  anmnnt  of  li^ht  thai  I.-,  rcllected  from  it  in  the  plane 
'»f  the  iiicidriii  ray.  ])ul  as  nvt>\  materials  do  not  have  a  perfectly 
■incH 'ill  Mirfaci'.  'lu-  li.nlit  i<  reflected  at.  different  angles  giving  what 
'-  '-allcil  diffiiM'.l  retlecii'»ii.  It  is  ^uoli  that  we  get  from  our 
'd  wall-  and  draperies.  The  amonnt  of  light  reflected  from 
inv-n  !naterials  is  given  in  table  2. 
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TABLE  2 

Amount  of  diffused  reflection  from  common  materials 

White    blotting    paper 82  % 

White    cartridge    paper 80 

Yellow   wall    paper 40 

Green   paper    o.  18 

Black   velvet    0.004 

Before  considering  the  individual  form  of  illuminants,  it  might 
be  well  to  call  attention  to  one  of  the  comparatively  recent  improve- 
ments in  lighting  which  involves  the  principle  of  reflection.  I 
refer  to  the  Holophane  glass  reflectors,  samples  of  which  you  see 
before  you.  We  have  spoken  of  a  light  as  of  so  many  candlepower 
but  this  after  all  is  rather  indefinite  for  it  says  nothing  of  the 
direction  in  which  the  light  is  measured,  so,  in  oriler  that  results 
may  be  comparable,  it  has  been  found  convenient  to  distinguish 
whether  the  light  is  measured  in  a  horizontal  or  a  vertical  direction 
or  at  some  particular  angle.  A  light  measured  in  all  directions  is 
called  the  spherical  candlepower  and,  in  a  horizontal  plane,  the 
horizontal  candlepower.  Since  the  light  above  the  horizontal  is  of 
little  value  for  most  purposes,  the  value  of  a  lamp  is  best  rated  by 
the  light  which  it  gives  off  in  a  hemisphere  below  the  horizontal, 
which  rating  is  known  as  the  lower  hemispherical  candlepower.  It 
is  to  increase  this  lower  hemispherical  candlepower  of  our  lamps 
that  the  holophane  reflectors  are  used.  These  shades  are  d^esigned 
for  different  lamps  and  so  are  made  in  many  styles  but  the  common 
forms  are  of  a  bowl  shape  and  known  as  concentrating  and  dis- 
tributing reflectors,  depending  on  whether  most  of  the  light  is 
reflected  on  an  area  directly  under  the  lamp  or  outward  at  an  angle 
of  about  45°.  This  is  accomplished  by  means  of  prisms  pressed 
in  the  glass  at  angles  carefully  computed  from  the  size  and  kind 
of  lamp  and  the  direction  of  the  object  to  be  lighted.  For  these 
shades  to  work  successfully,  the  lamp  used  with  them  must  be 
of  the  style  for  which  the  shade  was  designed. 

A  concentrating  reflector  will  raise  the  vertical  candlepower  of 
an  80  watt  tantalum  lamp  from  lo  to  no,  while  the  light  at  45° 
is  40  candles.  The  distributing  reflector  on  the  other  hand  will 
furnish  70  candles  at  this  angle  while  the  light  below  the  lamp  is 
about  55  candles  or  half  that  of  the  concentrating  reflectors.  This 
increased  light  is  at  the  expense  of  the  light  in  other  directions  and 
principally  of  the  overhead  h'ght.     The  effect  of  these  shades  in 
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increasing  the  illumination  on  an  object  is  seen  in  these  two 
blackened  cabinets.  (Demonstration)  In  one  of  them  is  a  i6 
candlepower  electric  lamp  and  in  the  other  is  an  8  candlepower 
lamp,  and  the  difference  in  illumination  on  the  placards  below  is 
quite  apparent.  If  to  the  smaller  lamp  is  affixed  a  concentrating 
reflector,  its  effect  is  instantly  seen,  or  from  an  8  candlepower  lamp 
using  28  watts  we  are  able  to  get  more  illumination  than  from  a 
16  candlepower  lamp  using  56  watts. 

Within  the  last  six  weeks,  further  improvements  have  been  made 
in  the  Holophanc  reflectors  and  there  are  now  producd  what  are 
called  extensive,  intensive  and  focusing  reflectors.  The  extensive 
reflector  throws  its  maximum  light  at  an  angle  of  45°,  the  intensive 
reflector  gives  more  of  its  light  directly  under  the  lamp  and  a  little 
less  at  45^^,  while  the  focusing  reflector  will  give  practically  all  of  its 
light  directly  below  the  lamp.  (Demonstration)  These  reflectors 
are  also  made  with  three  merging  prisms  instead  of  the  continuous 
prism  running  from  the  narrow  neck  to  the  wide  edge  of  the  bowl. 
(Demonstration)     This  increases  the  lighting  efficiency  about  10^. 

Turning  now  to  the  materials  for  illumination:  The  first  which 
might  invite  our  attention  is  acetylene.  Time  however  will  not  per- 
mit me  to  go  into  any  details.  Acetylene  has  passed  the  experimen- 
tal period  and,  while  in  my  opinion  it  will  never  be  used  to  any 
extent  where  gas  and  electricity  are  available  on  account  of  the  an- 
noyance of  caring  for  the  generator,  it  is  destined  to  have  an  extended 
use  for  isolated  buildings  such  as  farmhouses  and  summer  homes. 
The  Canadian  government  is  now  using  it  extensively  for  marine 
lighting  and  the  beacons  off  Point  Judith,  Sandy  Hook  and  Cape 
Henry  on  our  own  coast  are  lighted  by  it.  Within  the  last  six 
years  several  hundred  villages  have  installed  central  acetylene  gas 
plants  and  the  United  States  government  has  selected  this  form  of 
lighting  fi^r  its  newest  and  largest  army  posts.  A  new  form  in 
which  acetylene  is  now  used  is  in  solution  in  acetone.  By  tliis 
method,  cylinders  are  filled  with  asbestos  disks  which  are  saturated 
with  acetiDiie  and  then  acetylene  is  forced  in  under  pressure.  Com- 
pressed acetylene  in  this  form  is  not  explosive  and  is  easily  handled 
anil  this  method  is  now  employed  with  success  for  railway  coach 
lighting.  The  New  York,  New  Haven  and  Hartford  Railroad  has 
recently  installed  this  system  using  cylinders  prepared  by  the  Com- 
nieroi:il  Acetylene  Company  of  New  York. 

The  Welshach  burner  has  been  in  use  so  long  that  it  is  not  neces- 
sary tliat  I  go  into  any  description  of  it.     I  will  only  say  that  in 
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the  last  few  years,  great  advance  has  been  made  in  the  life  of  the 
mantle  by  recognizing  the  importance  of  purity  in  the  materials 
used.  For  instance,  the  cotton  thread  of  the  mantles  must  not 
contain  over  .015^  of  ash,  which  is  one  fifth  less  than  in  the  best 
grade  of  medical  absorbent  cotton.  There  are  before  you  a  collec- 
tion of  samples  showing  the  steps  in  the  manufacture  of  the 
mantles.     (Demonstration) 

The  impregnating  or  lighting  fluid,  as  it  is  called,  is  composed  of 
99;^  nitrate  of  thorium  and  i^  nitrate  of  cerium.  When  the  web- 
bing which  has  been  soaked  in  this  material  is  heated,  the  nitrates 
are  changed  to  oxids  which  retain  the  form  of  the  cotton  web- 
bing that  has  been  burned  away.  It  is  interesting  to  note  that 
either  of  these  oxids  alone  has  but  a  moderate  lighting  power,  and 
any  proportion  varying  slightly  from  the  one  given  causes  a  marked 
reduction  in  the  lighting  power  of  the  mantle.  Mr  H.  S.  Miner  of 
the  Welsbach  Company  has  kindly  prepared  for  me  ten  mantles  of 
varying  composition,  ranging  from  that  of  pure  thoria  in  no.  i  to  90^ 
thoria  and  10;^  ceria  in  no.  10,  as  shown  in  the  following  table : 

I  Pure    thoria    7  candlepower 

■z  0.25%    ceria 56            " 

3  0.50%       " 77 

4  0.75%        "     85 

5  1.00%       "    88 

6  1.50%       •*    79 

7  2.00%       "    75 

8  3.00%       "    65 

9  5.00%      "    44 

ic    10.00%       "    20  " 

On  lighting  these  burners  you  will  at  once  see  the  difference  in 
the  illumination  of  the  different  mantles  and  observe  that  the  one 
with  the  above  mentioned  proportion  is  the  most  brilliant. 
(Demonstration) 

The  Welsbach  light  is  a  steady,  high  power,  efficient  light.  It  con- 
sumes about  3.7  cubic  feet  of  gas  an  hour  producing  about  63  mean 
spherical  candles.  At  one  dollar  a  thousand,  this  lamp  will  fur- 
nish about  170  mean  spherical  candles  for  one  cent  against  42  for 
the  open  tip  burner.  The  chief  drawback  to  it  is  its  color.  Three 
or  four  years  ago  there  were  introduced  for  use  with  Welsbach 
burners  what  have  come  to  be  known  as  air-hole  chimneys  and 
shades.  The  principle  involved  is  that  more  air  can  be  admitted 
around  the  base  of  the  mantle  than  by  the  usual  openings  in  the 
burner  which  allows  the  consumption  of  more  gas  and  hence  a 
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higher  temperature  and  a  stronger  light.  In  the  better  grade  globes, 
the  holes  are  made  by  fusing  the  glass  at  the  spot  by  means  of  a 
blowpipe,  while  a  cheaper  grade  is  made  by  blowing  the  globe  in  a 
mold  having  pockets  for  the  formation  of  "  bosses "  which  are 
afterwards  ground  off.  These  types  are  seen  in  the  specimens 
before  you.  This  air-hole  glassware  is  very  popular  where  strong 
lights  are  desired  as  in  store  illumination,  but  it  must  be  remem- 
bered that  this  increased  brilliancy  is  secured  by  the  sacrifice  of 
efficiency  for  the  increased  consumption  of  gas  more  than  offsets 
the  gain  in  light. 

The  efficiency  of  the  Welsbach  mantle  suggested  the  grouping  of 
several  into  clusters  for  large  candlepower  units  and  four  years 
ago  there  were  placed  on  the  market  what  are  known  as  gas  arcs. 
The  lamp  consists  of  four  mantles  mounted  on  four  burners,  the 
whole  inclosed  with  an  opal  shade  and  fitted  with  a  metal  hood ; 
in  appearance  it  resembles  an  electric  arc  lamp.  They  are  equipped 
with  pilot  lights  so  that  the  light  can  be  turned  on  or  off  by  the 
single  pull  of  a  chain.  (Demonstration)  The  lamp  is  a  high 
power  unit,  its  mean  spherical  candlepower  being  about  225,  which 
is  about  the  same  as  that  of  an  electric  open  arc  lamp.  It  con- 
sumes 19  cubic  feet  of  gas  per  hour  and  its  efficiency  is  rated  as 
12  candlepower  per  foot  of  gas  consumed.  These  lamps  are  a  very 
economical  large  unit  light. 

Within  the  last  two  years,  there  has  been  perfected  what  is 
known  as  the  inverted  gas  lamp.  In  principle,  this  is  the  same  as 
the  usual  mantle  lamps,  but  the  mantle  is  placed  below  the  burner, 
which  results  in  a  greatly  increased  downward  distribution  of  light. 
You  who  have  worked  in  the  laboratory  know  how  badly  the 
ordinary  Bunsen  behaves  when  it  is  turned  upside  down.  Like  the 
upright  burner,  the  inverted  depends  for  its  success  upon  the  proper 
regulation  of  air  and  gas,  but  in  the  latter  the  proportion  between 
the  air  and  the  gas  changes  gradually  after  being  lighted,  due  to 
the  heat  radiating  upwards  around  the  intake  of  the  air.  To  obviate 
the  necessity  of  adjusting  the  air  supply  every  time  the  burner  is 
lighted,  there  is  inserted  in  the  tube  what  is  known  as  the  thermo- 
stat. This  is  ,a  cone-shaped  cylinder  made  of  two  metals  of  differ- 
ent coefficients  of  expansion,  and  which  when  cold  prevents  too  much 
aeration,  but  upon  becoming  warm  opens  and  allows  a  larger  pro- 
portion of  air  to  mix  with  the  gas.  (Demonstration)  It  is  this 
thermostat  which  makes  the  inverted  burner  possible. 

The  inverted  gas  lamp  consumes  3  cubic  feet  of  gas  per  hour 
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against  3.7  cubic  feet  for  the  upright.  It  has  a  mean  lower  hemis- 
pherical candlepower  of  70.6  against  51.3  for  the  upright  and  an 
efficiency  of  23.5  against  13.0;  or  put  in  another  way,  i  cent  will 
buy  23s  mean  lower  hemispherical  candles  in  the  inverted  and  138.5 
in  the  upright  burner,  or  it  is  70^  more  economical.  It  is  not  sur- 
prising then  that  the  upright  Welsbach  is  rapidly  being  replaced  by 
the  inverted  and  that  the  manufacturers  expect  in  a  few  years  that 
all  burners  of  the  incandescent  system  will  be  of  the  inverted  type. 
At  the  average  prices  prevailing,  it  is  the  most  economical  source 
of  household  illumination  that  we  have  as  shown  by  the  following 
comparative  scale: 

COMPARATIVE  AMOUNT  OF  M.  S.   C.  P.  TO  BE  OBTAINED  FOR  I   CENT  AT 
$1   PER  THOUSAND  AND  $.IO  PER  KILOWATT 


GAS 

Upright    Welsbach    "Q"    globe 

Gas   arc,  clear  globe f| 

Upright,    clear    chimney Bl 

Inverted    Welsbach    DBHI 

Open   tip  burner 


Ef.ECTRICITV 

Open   arc  D.   C 

Tungsten    • 

Tantalum    

Inclosed  arc 

Gem,  clear  bulb 

Edison,    16    candlepower ^^B 

Inverted  gas  arc  lamps  are  already  on  the  market  and  one  is 
promised  by  the  Welsbach  people  at  an  early  date. 

About  five  years  ago,  there  appeared  in  Germany  what  is  known 
as  the  flame  arc  lamp.  This  lamp  grew  very  rapidly  in  popularity 
and  today  95;^  of  the  exterior  lighting  of  Berlin  is  by  these  lamps. 
Somewhat  over  two  years  ago  this  lamp  appeared  in  this  country, 
and  though  its  popularity  here  has  not  been  as  great  as  abroad,  it 
is  being  quite  widely  installed.  These  lamps  are  easily  recognized 
by  the  soft  though  powerful  yellow  or  orange  color  which  they  give 
and  by  the  long  metal  casing  of  the  lamp.  In.  these  lamps,  the 
positive  or  hottest  carbon  is  either  impregnated  with,  or  has  a  core 
running  through  it,  of  salts  consisting  chiefly  of  calcium  and  po- 
tassium  fluorids  with  boric  acid  as  a  steadier.     In  the  arc  these 
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salts  are  gasified  and,  besides  giving  a  characteristic  color  to  the 
flame,  the  vapors  act  as  a  conductor  for  the  current  and  make 
possible  an  arc  three  or  four  times  as  long  as  the  ordinary  one.  In 
order  to  prevent  this  large  flame  from  flickering,  it  is  necessary  to 
make  the  carbons  of  smaller  diameter  and,  since  such  carbons  burn 
up  rapidly,  it  becomes  necessar>'  to  lengthen  them  in  order  to  get 
an  all-night  lamp.  Since  this  excessive  length  of  carbon  increases 
the  resistance  materially,  the  manufacturers  have  tried  inserting 
metallic  threads  in  the  electrodes,  or  coating  them  with  copper,  in 
order  to  reduce  the  resistance.  (Demonstration)  The  salts  in  the 
carbons  gave  rise  to  a  flux  on  the  tip  which  sometimes  produces  an 
"  outrage."  To  obviate  this  difficulty;  the  lamps  are  constructed 
with  the  carbons  inclined  like  a  capital  V  to  a  point  below  the 
mechanism.  This  allows  the  flux  to  drop  from  the  tip  and  also 
does  away  with  any  obstruction  of  light  by  the  mechanism  as  is 
the  case  in  the  open  arc  lamps.  This  arrangement  results  in  the 
maximum  light  being  directly  under  the  lamp  instead  of  at  an 
angle;  consequently  for  street  lighting,  these  lamps  are  placed  at 
elevations  of  30  or  more  feet.  The  lamp  requires  45  to  50  volts 
which  allows  two  being  installed  in  series  on  a  no  V  circuit.  It 
has  a  mean  hemispherical  candlepowcr  of  1500  with  an  eflSciency 
of  about  one  quarter  watt  per  candle  and  is  the  most  efficient  form 
of  electric  lighting  that  we  have.  The  chief  drawbacks  are  the 
cost  of  maintenance,  which  amounts  to  20  cents  per  lamp  for  car- 
bons and  trimming  for  an  all-night  lamp,  and  the  vapors  which  they 
emit,  necessitating  outdoor  use. 

Another  form  of  arc  lamp  using  as  electrodes  substances  other 
than  carbon  is  the  magnetite  or  luminous  arc  lamp.  (Demonstra- 
tion) This  lamp  has  as  a  negative  electrode  a  copper  rod  }i  inch 
in  diameter  incased  in  a  1/16  inch  iron  sheathing,  while  the  posi- 
tive electrode  is  made  up  of  a  mixture  of  approximately  60^  mag- 
netic iron  oxid,  Fe304,  2/^j^  titanium  oxid,  TiOj,  and  13^^  chrome 
iron  oxid,  FeCr^O^.  The  iron  <:»xi(I  ni,akes  the  mass  a  conductor, 
the  titanium  oxid  gives  it  its  brilliancy  and  the  chrome  iron  oxid 
acts  as  a  steadier.  The  copper  electrode  is  consumed  at  a  rate 
somewhat  less  than  1/16  inch  per  100  hours,  while  the  positive 
mixture  lasts  about  200  hours.  These  lamps  therefore  do  not  need 
trimming  oftencr  than  once  in  two  or  three  weeks.  As  this  makes 
the  cost  of  maintenance  low,  this  style  of  lamp  is  popular  with 
American  lighting  companies.  At  tlie  present  time,  the  Lighting 
Company  in  Syracuse  is  engaged  in  replacing  its  old  open  arc 
lamps  with  this  form. 
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The  Nernst  lamp  was  formerly  used  on  the  alternating  current 
only.  This  has  been  improved  within  the  last  two  years  so  that  it 
is  available  now  for  both  alternating  and  direct  currents,  which 
doubles  its  field  of  usefulness.  On  the  first  of  last  September,  a  new 
form  of  the  lamp  bearing  the  name  of  the  Westinghouse  Nernst 
lamp  was  placed  on  the  market.  In  this  new  form,  the  composition 
of  the  incandescent  body  called  the  "  glower  "  has  been  improved 
by  the  addition  of  the  oxids  of  certain  of  the  rarer  metals,  the 
names  of  which  have  not  been  made  public.  A  132  watt  single 
glower  type  gives  a  mean  lower  hemispherical  candleix)wer  of 
1 14.8  with  an  efficiency  of  1.2  watts  per  candle  against  2.05  for 
the  former  type.  This  is  a  gain  in  light  of  41.5;^  for  the  same 
current  consumed.  The  life  of  the  glower  is  given  as  600  to  800 
hours.  The  lamp  has  also  been  improved  in  its  mechanical  con- 
struction and  the  bulbs  may  now  be  removed  from  the  fixtures  in 
the  same  way  as  the  incandescent  carbon  bulbs.  With  these  im- 
portant changes  we  are  likely  to  see  more  of  these  lamps  in  use  in 
the  future  than  we  have  in  the  past.     (Demonstration) 

In  the  ordinary  electric  lamp  there  is  a  great  amount  of  energy 
absorbed  by  the  solid  conducting  medium  which  fact  has  led  to 
attempts  to  use  incandescent  vapors  and  not  solids  as  the  source  of 
light.  The  Cooper-Hewitt  lamp  is  constructed  on  this  principle. 
Here  the  current  is  conducted  by  the  vapor  of  mercury  through  a 
glass  tube  about  30  inches  long  and  13^  inches  in  diameter.  Its  in- 
trinsic brightness  is  low,  being  about  19  against  200  for  the  incan- 
descent lamp.  The  great  objection  to  the  lamp  is  the  color  which 
it  gives  to  the  objects  seen  by  it,  as  you  will  perceive  by  examining 
these  colored  tissue  papers.  (Demonstration)  In  order  to  start 
the  original  form  of  the  lamp,  it  was  necessary  to  tilt  the  tube 
by  means  of  pivots  set  near  the  center.  This  was  awkward  and 
the  current  was  not  always  established  the  first  time.  This  decided 
disadvantage  has  been  overcome  within  the  past  year  and  the  com- 
pany is  now  marketing  two  forms  of  lamps,  one  of  which  is  tilted 
automatically  by  means  of  a  solenoid  and  shunt,  while  the  other  and 
more  improved  form  is  constructed  with  a  so  called  shift  which,  by 
producing  a  high  potential  across  the  tube,  starts  the  lamp  without 
the  necessity  of  tilting  the  tube  at  all.  Whereas  two  years  ago  the 
Cooper-Hewitt  lamp  could  be  used  only  with  the  direct  current,  it 
is  now  available  for  the  alternating  current  as  well.  This  lamp 
gives  about  800  hemispherical  candlepower  for  the  50  inch  size  with 
a  commercial  efficiency  of  approximately  .5  watts  per  candle  and 
ranks  next  to  the  flame  arc  lamp   in  efficiency.     It   is  especially 
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easy  to  the  eye  on  account  of  its  low  intrinsic  brightness  and 
although  the  cobr  is  bad,  as  has  been  stated,  it  has  found  a  large 
field  in  the  lighting  of  mills,  machine  shops,  foundries  or  wherever 
color  is  of  the  least  and  efficiency  of  the  greatest  importance. 

Another  form  of  light  using  gaseous  or  a  rarified  form  of  gaseous 
conductors  is  the  system  known  as  the  Moore  light.     The  light  is 
that  emitted  by  an  electrical  discharge  through  a  partial  vacuum. 
The  system  consists  of  glass  tubes  about  i}i  inches  in  diameter  and 
of  any  length  desired  up  to  several  hundred  feet.    These  tubes  are 
built  up  of  short  sections  fused  together  by  a  blast  lamp  after  being 
cut  and  bent  to  fit  any  position.    It  is,  in  short,  a  system  of  "  glass 
plumbing.**    The  usual  position  for  the  tube  is  to  circle  the  room  a 
few  feet  from  the  walls  and  about  i8  inches  below  the  ceiling.    The 
two  ends  of  the  tube  enter  a  slate  box  where  the  terminals  from 
the  mains  are  fused  into  them.     A  vacuum  of  .i  millimeter  of  mer- 
cury is  effected  by  a  punup  and  wlien  the  current  is  turned  on,  the 
tube  emits  a  soft  even  light  throughout  its  entire  length.     This  light 
would  continue  but  a  short  time  however,  were  it  not  for  a  special 
feeding  valve.     It  is  an  experimental   fact  that  while  an  electric 
discharge  may  be  sent  through  a  vacuum  of  high  degree  there  is 
reached  a  point  when  the  current  ceases  to  flow,  and  moreover,  as 
a  current  passes  through  the  vacuum,  it  somehow,  in  a  manner  not 
satisfactorily  explained,  uses  up  the  vacuum,  if  such  an  unscientific 
expression  may  be  allowed,  and,  after  a  short  time,  the  light  goes 
out.     In  order  to  keep  the  light  constant  it  is  necessary  to   feed 
some  gas  into  the  tube  in  just  sufficient  quantity  to  prevent  the 
stoppage  of  the  current.     It   is  this  point  that  is  the   successful 
feature  of  the  Moore  light.     A  small  feeder  valve  operated  by  a 
solenoid  causes  a  drop  of  mercury  to  rise  and  fall  around  a  small 
j'i  inch  charcoal  plug  placed  in  the  opening  of  a  small  tube  feeding 
to  the  main  tube.     As  the  charcoal  plug  becomes  uncovered,  enough 
air  filters  through  it  to  give  the  necessary  conductivity  within  the 
tul)e,  and,  as  soon  as  a  sufficient  amount  has  entered,  the  current 
tliroii^h   ihe   solenoid   is  broken   ami   the  mercury  drop  (X>vers  the 
charcoal  i)liig  again.     In  normal   working  the  charcoal  tip  is  ex- 
posed about  one  second  a  minute  and  the  movement  of  the  valve 
is  not  more  than  1/32  of  an  inch.     If  the  gas  admitted  to  the  tube 
is  air,  the  color  of  the  light  is  of  a  pinkish  shade,  but  if  the  oxygen 
is  first  removed  by  passing  air  through  cylinders  of  phosphorus,  the 
color  is  changed  to  a  golden  yellow  which  is  most  efficient.     If  the 
tiihe  is  supplied  with  carbon  dioxid,  the  color  is  pure  white,  and 
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such  tubes  are  in  use  today  in  the  silk  mills  of  Patterson  for  match- 
ing colors  since  the  spectrum  always  remains  constant.  The  tubes 
operate  on  a  220  alternating  current,  consuming  from  i  to  1.5 
watts  per  candle.     (Demonstration  of  photographs) 

The  temperature  of  the  tube  is  not  over  40° C,  hence  they  are 
more  comfortable  in  hot  weather  and  safer  at  all  times  as  there  is 
no  wiring  to  increase  fire  risks.  The  first  cost  of  installation  is  no 
greater,  it  is  claimed,  than  for  properly  wired  electric  systems  with 
their  necessary  switches,  cutouts  and  fixtures.  Another  great  ad- 
vantage is  that  the  intensity  of  the  light  may  be  easily  adjusted. 
The  average  candlepower  per  foot  is  12  but  it  may  be  dropped  to 
6  or  raised  to  36  in  which  case  the  intrinsic  brightness  ranges  from 
.33  to  2.00.  When  it  is  recalled  that  high  intrinsic  brightness  is  un- 
desirable if  the  same  amount  of  light  can  be  obtained  in  an  equally 
efficient  manner,  one  of  the  advantages  of  the  Moore  lamp  is 
apparent. 

The  carbon  filament  electric  lamp  is  too  well  known  to  need  any 
mention,  except  to  say  that  carbonized  silk  and  bamboo  are  no 
longer  used  but  the  filament  is  made  by  squirting  soluble  cellulose 
through  fine  holes.  These  threads  are  afterwards  carbonized  and 
then  flashed  by  bringing  them  to  incandesence  in  an  atmosphere  of 
hydrocarbons,  which  causes  a  dense  deposition  of  carbon  over  their 
entire  surface.  About  three  years  ago  a  decided  advance  was  made 
in  this  lamp  when  there  was  put  on  the  market  what  is  known  as 
the  Gem  or  metallized  filament  lamp.  This  lamp  is  made  in  the 
same  way  as  the  carbon  lamp  but  the  filament  is  subjected  to  a  fur- 
ther heating  at  about  2000*^0.  in  an  electric  furnace.  This  insures 
the  complete  volatilization  of  impurities  and  leaves  the  carbon  in 
its  resistance  similar  to  a  metal,  hence  the  name  "  metallized  fila- 
ment." There  are  on  the  table  before  you  some  specimens  illustrat- 
ing the  steps  in  the  manufacture  of  these  filaments  to  which  your 
attention  is  called,  and  there  is  burning  here  a  finished  40  watt 
lamp  and  one  of  the  carbon  type  of  the  same  candlepower  taking 
56  watts  for  comparison.     (Demonstration) 

The  color  of  the  light  is  much  nearer  white  than  the  carbon  fila- 
ment and  it  is  also  much  steadier  due  to  the  fact  that  the  Gem 
varies  in  candlepower  only  .7  as  much  as  the  carbon  lamp,  for  each 
volt  variation  in  potential.  In  efficiency  it  is  a  great  improvement 
consuming  about  2.5  watts  per  candlepower  against  3.5  for  the  car- 
bon filament.  In  table  3  are  given  some  comparative  figures  show- 
ing the  economy  of  this  lamp  over  the  carbon. 
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The  development  of  the  tantalum  lamp  is  due  to  Dr  Von  Bolton 
and  Dr  Feuerlein  of  the  Berlin  Siemens  &  Halske  Co.  This  metal  is 
capable  of  being  rolled  and  drawn  into  fine  threads  and  it  is  in  this 
form  that  it  is  used  in  lamps.  One  pound  of  the  metal  will  make 
about  20,000  lamps.  The  conductivity  of  the  thread  is  high,  hence 
in  order  to  get  the  necessary  resistance,  the  length  of  wire  in  the 
bulb  has  to  be  considerably  greater  than  in  the  carbon  lamp,  or 
about  25  inches  against  9  inches.  This  necessitates  stringing  the 
wire  on  small  glass  arms  for  supports  and  as  the  wire  contracts 
upon  use,  it  is  necessary  to  have  it  strung  loosely  at  first.  Such  a 
fine  filament  is  naturally  delicate  and  has  to  be  carefully  handled 
though  the  lamps  may  be  burned  in  any  position.  If  a  filament 
breaks,  the  lamp  is  not  always  rendered  useless  for  if  the  ends  be 
jarred  into  contact  they  will  immediately  fuse  together  and  estab- 
lish the  circuit.  The  tantalum  like  the  Gem  varies  but  little  with 
fluctuations  in  voltage.  The  melting  point  of  the  metal  is  high, 
about  2300°C.,  which  allows  a  high  temperature  in  the  bulb  and 
hence  greater  efficiency.  At  first  these  lamps  could  only  be  used 
on  the  direct  current  but  they  have  been  perfected  within  the  past 
year  so  that  they  are  now  used  on  both  the  direct  and  alternating 
currents.  Another  advantage  of  these  lamps  over  the  carbon  is  that 
they  do  not  blacken  the  bulb.  The  lamps  are  made  in  sizes  of  25, 
40,  50  and  80  watts  with  a  rated  nominal  candlepower  from  i2Vj 
to  40.  The  candlepower  varies  on  use,  increasing  as  much  as  25^ 
during  the  first  few  hours  of  life  and  then  gradually  dropping  off, 
although  this  deterioration  is  much  less  than  in  the  case  of  the  car- 
bon lamp.  The  efficiency  of  the  lamp  is  about  2  watts  per  candle- 
power.  As  is  seen  in  table  3,  the  energy  consumption  was  reduced 
by  the  Gem  lamp  to  2.5  watts  or  a  saving  of  28^  over  the  3.5  watt 
carbon  lamp.  With  the  tantalum  lamp,  there  is  a  further  saving  of 
16'?^  over  the  Gem  and  40^  over  the  carbon  lamp.  The  cost  of  in- 
stalling these  lamps  is  greater,  however,  the  price  of  a  40  watt  lamp 
is  about  $.50  when  bought  singly,  and  lighting  companies  will  not 
renew  them  free.  Nevertheless  it  is  cheaper  to  use  these  lamps. 
At  any  price  above  2.2  cents  a  kilowatt,  the  use  of  the  tantalum 
lamp  is  cheaper  than  the  carbon,  and  at  any  price  above  4  cents, 
It  is  cheaper  than  the  Gem  and  as  the  cost  of  electricity  is  seldom 
as  low  as  these  figures  to  the  average  consumer,  the  advantage  of 
the  tantalum  lamp  is  apparent. 

The  color  of  the  tantalum  lamp  is  white  and  colors  appear  in 
nearly  their  natural  relations.  (Demonstration)  The  intensity  of 
the  lamp  is  lii.<»h  and  like  the  Gem  they  are  usually  made  with 
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frosted  bulbs.  The  distribution  of  light  from  the  lamp  is  not  of 
the  best  since  most  of  the  light  is  given  off  at  an  angle,  while 
directly  below  the  tip  the  illumination  is  only  about  5  candlepower, 
consequently  these  lamps  are  almost  always  equipped  with  holo- 
phane  reflectors  of  some  type.  Improvements  in  this  particular  will 
be  made  in  the  near  future  without  doubt. 

The  tantalum  lamp  had  hardly  had  time  to  become  known  to  the 
trade  before  the  technical  journals  contained  reports  of  a  tungsten 
lamp  that  promised  even  better  than  the  tantalum.  This  lamp  was 
first  exhibited  at  the  Chicago  Electrical  Show  in  January  1907, 
and  in  Tune  of  that  year  it  was  first  placed  on  the  market.  The 
output  in  this  country  at  present  is  75,000  daily  and  there  are 
over  a  million  American  made  lamps  in  use  today. 

The  tungsten  lamp  like  the  tantalum  lamp  is  a  metallic  filament 
lamp.  The  metal  is  exceedingly  hard,  but  unlike  the  tantalum  it 
is  very  brittle  and  can  not  be  drawn  into  threads.  Malleable  tung- 
sten is  now  being  made  at  the  G.  E.  Co.  laboratories  I  am  in- 
formed. It  has  a  melting  point  of  3000° C.  which  allows  its  use  at 
very  high  temperatures,  and  in  keeping  with  all  metals,  it  is  a  good 
conductor  of  electricity  which  necessitates  the  use  of  long  filaments 
as  in  the  case  of  tantalum. 

Since  the  metal  can  not  be  drawn  into  threads,  the  filaments  have 
to  be  prepared  by  other  methods  and  there  are  three  processes  in 
use.  Von  Welsbach  takes  tungstic  acid  in  a  very  fine  state  of  sub- 
.  division,  mixes  it  with  a  pasty  binder  and  squirts  it  through  dia- 
mond dies.  Dr  Kusel  gets  the  metallic  tungsten  into  a  colloidal 
form  which  he  concentrates  to  a  gelatinous  mass  and  squirts  into 
threads.  Dr  Just  and  Hanaman  prepare  a  cellulose  filament  in 
the  same  manner  as  for  the  carbon  lamp.  This  filament  is  then 
flashed  in  an  atmosphere  of  a  gaseous  tungsten  compound  prob- 
ably the  chlorid,  which  causes  a  deposit  of  the  tungsten  upon  the 
carbon.  The  thread  is  next  heated  in  an  atmosphere  of  hydrogen 
which  removes  all  the  chlorin  after  which  a  second  and  higher 
temperature  is  used  which  volatilizes  the  carbon  leaving  the  free 
metal  in  threads  .03  millimeter  in  diameter.  These  threads  are 
very  brittle  and  require  especial  care  in  packing  and  shipping.  The 
lamps  work  equally  well  on  either  alternating  or  direct  current 
with  an  average  life  of  800  hours  and  an  efficiency  of  1.25  watts 
per  candle.  This  is  the  highest  efficiency  of  any  of  the  metallic 
filament  lamps,  showing  a  gain  of  about  40^  over  the  tantalum  and 
of  64^  over  the  carbon  lamp. 
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For  this  reavjn,  the  lamps  are  recon-^men  fed  for  use  in  a  pendant 
p^^jtion  only  and  to  be  attached  without  chain  pulls  or  socket 
switches.  Nevertheless  these  lamps  may  be  used  in  any  position 
without  much  danger  of  breakage  and  may  also  be  used  with  snap 
s.witches.  A  sharp  knock,  however,  will  usually  break  the  filament, 
but  like  the  tantalum  lamp,  the  broken  ends  can  be  fused  together 
and  the  lamp  made  ser\iceable. 

I  have  here  a  lamp  with  a  broken  filament  which  you  see  can  be 
made  Uj  burn  by  jarring  the  ends  of  the  filament  into  contact 
TDem^/n^tration) 

The  brilliancy  of  the  lamp«  requires  the  use  of  frosted  bulbs  un- 
less they  arc  to  be  placed  well  above  the  line  of  vision.  The  dis- 
tribution of  the  light  requires  the  use  of  holophane  reflectors  for 
the  same  reason  as  for  the  tantalum  lamp.  The  quality  of  the 
light  is  a  pure  white.  Shades  of  violet,  blue,  indigo  and  green  as 
well  as  dark  shades  can  now  be  matched  by  this  light  as  well  as 
by  daylight.  T Demonstration)  It  is  this  property  as  well  as  its 
great  efficiency  that  has  attracted  so  much  attention  to  this  lamp. 

Another  reason  that  makes  the  tungsten  lamp  interesting  is  the 
fact  that  it  promises  to  make  a  revolution  in  street  lighting.  As 
has  been  stated,  it  works  equally  well  on  either  alternating  or  direct 
current,  and  can  be  run  in  series  of  a  large  number  of  lamps  to 
tlic  circuit  with  an  efficiency  of  i  1/3  watts  per  candle  and  a  can- 
(IIciK)wcr  of  40  to  60  or  more.  This  means  that  instead  of  the 
brilliant  arc  li^ht  widely  distributed,  especially  in  outlying  dis- 
tricts, circuits  will  be  established  with  tungsten  lamps  placed  near 
tf>^^cther  resulting  in  a  more  even  distribution  of  the  light  along 
the  street. 

These  lamps  arc  made  at  the  present  in  sizes  ranging  from 
J5  to  250  watts  with  a  candlcpower  from  20  to  200.  They  must 
be  used  with  caution  since  they  are  large  light  units  of  high  intrin- 
sic l)nj,ditncss,  and  even  with  frosted  bulbs  are  able  to  do  serious 
injury  to  the  eye  if  placed  in  the  range  of  vision. 

TAr.LK  3 
Saving  by  use  of  high  efficiency  lamps 

Carbon  Carbon  Gem          Tantalum  Tungsten 

C.Mi.lIi  po\v»  1 20  20  20  20  20 

\\  .ilfs     pn      iMiulK'    (ili>r 

in.ll) .r5  3.  2.5  2-1  1.25 

W.Mis     \M\      iMiulK-     (ac 

\\\,A) 3  4'^  3  04  2.5  2.1  1.25 

liM.iI    \v.it(>    (g.('  (>o.8  50.  42.  25. 


1908]  ARTIFICIAL   ILLUMINATION  I29 

TABLE  3  —  Continued 

Carbon         Carbon  Gem        Tantalum  Tungsten 

Hours  total  life 1040  520  560  600  800 

Cost    of    lamp    (quantity)...      $.16  $.16  $.20  $.38        $.65 

Cost  of  renewals  per  1000 
hours     $.154  $.308  $.36  $.63        $.81 

Cost  of  power  per  1000 
hours  at  loc  per  kilowatt 
hour    $6.96  $6.08         $5.  $4.20      $2.50 

Cost  of  power  and  lamp  re- 
newals  per   1000  hours $7H  $6.39  $5-36  $4-83      $3 -31 

Saving  over  3.5  watts  per 
candle     $.72         $i.75  $2.28      $3.80 

Saving  over  3  watts  per  candle  $103  $1.56      $308 

Saving  over  2.5  watts  per 
candle    $-53      $205 

Saving  over  2  watts  per  candle  $1 .  79 

In  table  4  are  given  the  costs  per  hour  and  per  candle  per  hour 
at  Syracuse  prices  of  some  of  the  lights  I  have  mentioned. 

TABLE  4 

Cost  of  lighting  in  Syracuse  at  $.95  per  1000  cubic  feet  for  gas  and  $.08 
per  kilowatt  for  electricity 


Candle- 

Watts 

Cost  per 

Coit  per 

Efficl- 

power 

or  feet 

Type 

hour 

candle  per  hour    cncy 

8 

28 

Carbon 

$.00224 

16 

56 

Carbon 

.00448 

$.00025 

3-5 

32 

IIv2 

Carbon 

.00896 

20 

25 

Tungsten 

.002 

32 

40 

Tungsten 

.0032 

.0001 

1.25 

48 

60 

Tungsten 

.0048 

80 

100 

Tungsten 

.008 

200 

250 

Tungsten 

.02 

240  (M.  L.  H.) 

555 

A.  C  incl. 

.044 

.00019 

2.3 

2000 

450 

Flame  arc 

.036 

.000018 

.225 

800 

385 

Cooper-Hewitt 

.031 

.000039 

.48 

18 

6 

Gas,  open 

.0057 

.00032 

.33 

51 

4 

Welsbach 

.0035 

.000072 

.073 

70.6 

3 

Welsbach  inverted 

.0028 

.00004 

.042 

396 

19 

Gas  arc 

.018 

.000046 

OS 

480 

16 

Gas  arc  inverted 

.015 

.00003 

.033 

306 

II 

Gas  arc  inverted 

.0105 

.000031 

.036 

Among  the  proposals  submitted  by  the  Hartford  Lighting  Com- 
pany recently,  preparatory  to  renewing  its  contract  for  the  city 
lighting,  was  one  to  use  tungsten  lamps,  placing  one  on  every  pole. 

There  remains  one  other  lamp  to  be  mentioned  which  promises 
very  well  though  not  yet  on  the  market;  I  refer  to  the  Helion 
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lamp.  This  is  an  incandescent  lamp  having  a  filament  of  silicon 
or  a  compound  of  silicon.  It  is  reported  as  being  made  by  flashing 
a  cellulose  filament  in  a  gaseous  compound  of  silicon,  possibly  the 
chlorid.  contained  in  a  receiver  over  mercury.  The  temp)erature  of 
the  flashing  decomposes  the  compound  causing  the  silicon  to  de- 
posit on  the  carbon  while  the  chlorin  is  held  by  the  mercury-.  This 
deposited  silicon  has  a  resistance  of  about  50  times  that  of  carbon, 
which  allows  the  use  of  much  shorter  and  heavier  filaments  than 
with  any  of  the  other  forms  of  incandescent  lamps  and  they  are 
therefore  much  less  liable  to  fracture  from  shock.  The  filaments 
it  is  stated  may  be  heated  to  over  2000°  without  any  blackening 
of  the  bulbs.  The  life  of  the  lamp  is  not  fully  established  but 
seems  to  be  about  500  hours  during  which  time  the  candlepower 
drops  about  3^.  The  efficiency  is  reported  as  about  one  watt 
per  candle  which  if  it  proves  to  be  the  case  when  manufactured 
commercially  will  make  this  lamp  more  efficient  than  the  tungsten. 
What  this  lamp  will  really  do  in  the  commercial  world  remains  to 
be  seen  but  there  is  the  promise  here  of  a  lamp  that  will  bring  the 
energ)'  consumption  down  to  one  watt  per  candle  and  w-ill  not  be 
fragile,  and  which  can  be  made  in  units  of  al!  candlepowers.  Two 
specimens  of  this  lamp  are  here  before  you  and  you  can  see  the 
color  of  its  light  and  also  the  size  of  its  filament.     (Demonstration) 

In  conclusion,  then,  the  last  five  years  has  seen  the.  widely  ex- 
tended use  of  acetylene;  the  introduction  of  the  incandescent  gas 
arc  and  the  inverted  Welsbach;  and  the  now  general  use  of  holo- 
phane  reflectors.  In  the  field  of  arc  lighting,  we  have  the  flaming 
arc  with  its  high  efficiency  and  the  magnetite  lamp  with  its  slow 
burning  electrodes.  There  is  the  simplification  of  the  means  of 
starting  the  Cooper-Hewitt  and  its  adaptability  to  the  alternating 
current  and  the  introduction  of  the  Moore  tube  light.  In  the 
incandescent  field  there  is  the  increase  of  the  efficiency  of  the 
Ncrnst  lamp  by  40^^  and  its  adaptability  both  to  alternating  and 
direct  currents ;  the  change  from  the  3.5  watt  carbon  lamp  to  the 
1.25  watt  tungsten  and  possibly  the  i  watt  Helion  lamp,  with  the 
great  improvement  in  the  quality  of- the  light. 

In  the  cabinets  before  you  are  two  lights,  each  consuming  ap- 
proximately the  same  amount  of  current.  They  illustrate  the 
])rogress  of  five  years.  At  this  rate  of  advance  it  is  safe  to  predict 
that  our  present  methods  of  exposed  lighting  will  soon  be  replaced 
by  diflFuscfl  reflection,  using  concealed  lamps  of  high  power  and 
efficiency,  and  the  little  incandescent  carbon  bulb  will  be  gathered 
to  its  fathers. 
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l.y  \\  illiani  Timbie,  77-88. 
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in.itio,  American  I'ederation,  rec- 
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TiiuMf.  William,  Snmc  Practical 
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^Xij  (High  School  11 J  Dircctuf  i  Report  1900.  jBp,     Jr, 


Xi€(High  Schcol  12)  ^ 
iiig*  of  the  i6th  Ai 


\caflemic  PrincJimls.    Proceed- 
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